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ABSTRACT 



This report presents the results of a studv performed for the Sloan 
Commission on Cable Communications. ;.»c emphasis oi which v.?* on 
technical ar.d cost factors affecting possible growth of present CATV 
system concepts over the next several decades to encompass addi- 
tional "wired nation" communications functions, up to and including 
point- lo-point videophone service. Multi-cable, augmented-channcl 
(converter), and switched CATV systems are reviewed, both from a 
total channel-count viewpoint, and on the basis of two-way capabilities 
for video and home digital data services. 

It is concluded that within the next five years, a combination of 40- 
60 downstream program channels, certain video interconnect service, 
and substantial two-wav, home digital data services can be provided 
ir. several ways at reasonable cost: $200-$500 per subscriber, de- 
pending on the type of service and the level of penetration. Switched 
videophone service would also be feasible, perhaps on a national basi • 
by the end of the century, but would escalate per-subscriber costs bv 
a factor of at least 20 or 30, and would have to be based on a hub rather 
than a tree network at the subscriber level. . 

Appendices discuss the intcr-char.ncJ interference problems in frequency 
multiplexed TV transmission, and the detailod characteristics of two 
recently developed switched CATV systoms. 
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INTRODUCTION 1 

i 

The impetus for this report came from the Sloan Commission on $ 

Cable Communications which felt that as part of its deliberations on the \ 

desirable future role of broadband cable networks, and how best to \ 

achieve that role, it needed a comprehensive review and evaluation of \ 

the state-of-the-art in CATV technology and expected future capabilities. 

Of particular interest to the Commission In connection with such a 
review and evaluation were questions such as the following: 

1) Should future broadband systems for home communica- 
tions services be organized in frequency multiplex tree 
networks, as in present CATV systems, or in switched 
hub networks, as in the telephone system? (This ques- 
tion it of course related to the following ones.) 

Z) What are the prospects for obtaining 40, 60, or 80 pro- 
gram channels, and what are the respective cost 
expectations? 

3) What home data services such ae meter reading, push- 
button banking and/or shopping, ar.d general computer * 

access are (or will be) practical, and what are (or will j 

be) the costs? 

4) What is the relation of the future CATV network to the 
emerging Picturephone service of the Bell System, and 
would it make technical and economic sense to integrate 
them and/or replace the limited-resolution 1 -MHz 
Picturephone service with full 4-MHz switched video 
serv.ee? 

5) Is nationwide standardization of C/\TV systems in the 
near future a desirable or necessary condition if a 
nationwide broadband network is the goal? 

Not all of these questions can of course be answered definitively 
in a short six-month study, particularly when one is trying to peer 10 
or 20 years into the future in an environment of fast-paced technological 
evolution, and when some of the alternativ s may represent a fair share 
of the gross national product in terms of required investment. However 
the study has attempted to provide the oest information possible to the 
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Commission by thoroughly examining the underlying framework of video/ 
digital transmission and switching techniques applicable to combined 
CATV/communications services, and making estimates of future technical/ 
cost trends. 

The major conclusions applicable to the Commission’s questions are 
presented in the Summary; Chapter II. Chapter III investigates present 
techniques and probable future extensions for "high-channel-count" systems » 
i. e. , those capable of providing 20 or more program distribution channels. 
Two-way video and digital data services are examined in Chapter IV. 

In connection with the studies reported in Chapters III and IV, it 
soon became apparent that no valid comparison of the alternate techniques 
and the motivations behind them could be made without constant reference 
to the exceedingly complex inter-channel interference effects in frequency 
multiplexed TV channels. It was also found that a vigorous industry/ 
government dialog is currently under way on the question of possible CATV- 
syotem standards, which could influence the relative balance between tech- 
niques so far as these interference effects are concerned. However, no 
comprehensive source reference on these questions could be found. Thus 
to provide the necessary base for system comparisons, considerable time 
was devoted to the compilation, analysis and organization of available 
data from a variety of sources, as reported in Appendix A. 

Switched CATV systems are quite new and little understood, and 
because of their importance in connection with the questions posed by the 
Commission, the two switched systems extant were examined perhaps 
more thoroughly than the more conventional technology and written up in 
interim memoranda submitted to the Commission. These are reproduced 
here (in corrected form} as Appendices B and C. Finally, some attention 
was paid to the fact that there are two other sets of wires leading into 
every CATV home — the telephone line and the power line — and that 
some efforts are under way in the direction of meter reading and possibly 
other data services over one or the other of these lines. Data gathered on 
these efforts is given in Appendix D. 



O 

ERJC 



9 



CHAPTER n 

SUMMARY AND CONCLUSIONS 

The major conclusions summarized below are organized by topic 
according to the questions that were posed by the Sloan Commission on 
Cable Cormmunications as the background for the study. Each topic is 
discussed in more detail elsewhere in the report. 

Note that in the following all cost figures for cable distribution 
plant (including subscriber drops but not head -end equipment) are on a 
per -subscriber basis, and on the assumption of 100 percent penetration 
in medium-density residential areas (aerial plant). Although absolute 
costs will vary with penetration, subscriber density, and installation 
conditions, the relative costs for various systems should remain fairly 
constant, with the possible exception of the two present hub-network 
switched systems (Diat-a -Program and DISCADE) which run many cables 
in parallel (the shorter hub-network cable lengths needed in high-density 
areas may or may not balance the added cost of installing large multi- 
cable bundles in such areas). 

Note that two-way digital service costs are on the basis of the 
additional cost of the subscriber terminal device over and above the 
cost of the cable plant. 

Capacity Questions 

Traditional single-cable CATV systems with TV-set tuning have 
offered a maximum of 12 program channels (VHF Channels 2 - 13). but 
often cannot deliver more than six cr seven usable channels in the major 
cities because of interference caused by local VHF -TV transmitters. 
Three different approaches to increased capacity are being pushed by 
various manufacturers and/or system operators: dual -cable systems 
with a different group of programs on each cable, subscriber set-top 
converters to permit use of additional cable channels, and switched 
systems in which channel selection is performed remotely and only the 
selected channel appears on the subscriber cable (drop). Of major 
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in tereat to the Commission was the comparison of fchcse systems in such 
matters as channel capacity, relative cost, ami advantages or dUtidvtn* 
tages for various two-way services. The results obtained are as follows# 

A program capacity of 20*26 channels is ftow available on a single 
cable with converters at a per -subscriber coat of S&0, of which 530 is 
the converter cost. Dual cable VHF-only systems with 24-channel 
nominal capacity U&-20 actual) have a comparable cost ($?0). With the 
addition of converters ($30), dual -cable capacity can be extended to 40* 

52 channels at a total per-subsc ribor cost of $100. The two present 
hub-network, switched systems have capacities Ot 20 and 16 Channels, 
with per -subscriber coats of $113 and $186 respectively. 

Single-cable converter-system technology appears to limit At 
about ?5 channels ($50 per converter, or $100 total p**r subscriber). 

This capacity may be reached in the next few years, but extension beywri 
35 channels per cable is clouded by many technical factors. Use of such 
improved converters in dual-cable plants would yield 70 channels ($120). 
Coots of doubling the two switched systems cited above to provide 70-80 
channels are not as well defined, but would be about $200 and $280 
respectively The greater costs of switched systems should be balanced 
against other capabilities (see below). 

The above cable plant costs for tree-network systems are for 
downstream capability only, and would be about 30 percent higher with 
two-way amplifiers for a two-way capability (not including terminal 
cost). The percentage increment in adding two-way capability to a 
switched cable plant is lower, but cannot yet be accurately defined. 

Switched vs. Non-Switched Systems (Distribution plus - omo two-way ) 

The switched CATV systems which have appeared to date provide 
only for switching subscriber lines to a limited number of program dis- 
tribution buses. Note that this is a much simpler switching function 
than that required, for example, to connect any subscriber line to any 
other subscriber line for a private, two-way hookup. 

The conclusions are that switched program distribution systems 
can be roughly competitive with multi-cable or converter systems only 
at very high penetration levels but that they do completely avoid th* 
present technical problems of distributing very large numbers of channels 
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(this may not be important, however, as converter «ys»em technology 
improves). The Dial -a* Program system In particular appears to bo 
less flexible from an installation standpoint unH s* a very high. •*. apital 
investment is made initially to provide 100 per»«,n; /lookup <ap»hHUy, 
and has no inherent two-way advantage over non -switch.'.; ty* terns. ex* 
cept for very large usage of two-way video (which does net appear 
probable). In fact, both switched systems now available appear to be 
less convenient for iht ..lore probable t\vo*way data uses over the nex. 
j o*20 years (see next heading beb-w). A potential, but as yet unrealtai *. 
advantage of switched syst is their ability to operate with simplified 
''one-channel" TV receive*. 

The future of switched systems will depend on the marketplace and/or 
the evident or legislated need for their particular capabilities (in severe 
local-signal areas, point-to-point video, etc,). Coats would rise rapidly, 
however. dint -to -point use, because much more complicated (tcloplvv)* 

type) u r.chgc.ir would be required . Also, the present 20 to 336-sub- 
sc fiber, distr.outvd switching centers are too small for efficient polrt- 
to-poini netv -rking and larger hubs would be required, with greatly 
increased cable costs and perhaps individual line amplifiers. 

Goner al Comments on Tw^-Way Config u rations 

r.; ->inal configurations for obtaining upstream channels include use 
of sub-band channels on one cable (4 TV channels maximum), a separate 
upstream cable (up to *5 channels), or in switched systems, one or more 
channels per subscriber cable, Any of these are suitable and l oughly 
comparable for all foreseeable subscriber video-origination requirements, 
particularly when it is noted that the number of simultaneous upstream TV 
originations is always limited by the number of available downstream, 
channels where the signals £o. ’^ r ' l bs °lber band, gmera*. point-to-point 

video services would certainly require a hub- ype switched r twork and a 
major cost escalation (see ” Picturcphone vs. Videophone" below). 

Modern digital communication technology permits all foreseeable 
subscriber d ata requirements to be handled very economically in tree- 
structured systems by time -divis ion-multiplex techniques, v squiring only 
one "channel pair 1 ' (a downstream and an upstream channel), and a simple 
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head-end device. For example, a one-megabit per eeeond data loop on 
*uch a channel pair can provide abrnt IS bite per aecond continuously 
to each of 4000 subscriber terminals. Additional capacity, If needed, 
can be obtained by increasing the one -megabit rate, or by frequency 
multiplexing one or two more data -channel pairs. Use of a hub-type 
switched system actually seems to complicate the problem of providing 
data services since more hardware (a device per line) is required to 
gain sequential access to subscriber lines for polling and/or data trans- 
mission . A hierarchy of two-way services is presented below, 

jjlaiftfjfc 'A* Ordering of Two-Way Cable Capabilities 

Th id lowing subscriber terminal costs are over and above the 
cable-plant costs given above. The first three categories (data services) 
also require a head-end device (most probably a digital computer), but 
its allocated capital cost is nominal: $2 .$10 per subscriber, depending 
upon the data service requirements; 

8) §lmt»Lg monitor lug - channel monitoring; simple yes -no 
buttons; meter reading and alarm systems: terminal 
cost $50 - $100 per subscriber, plus meter upgrading 
costs. “ 

^ o w - ban d com munication and control 

- general - pu r lioTeTce yl»o;i“r d s7**olMi"ne 

channel -access control (restricted distribution; pay TV; 
video tapo library services); audio communication 
(many »r .•««, or party llna); limited information retrieval: 
terminal cost range 1 $125 *$250 per subscriber. 

IMlgjyd at a capa 1> 1 U i ic-s - access to other com- 
puter systems tor information retrieval, banking, shopping, 
ett . i , electronic mail: terminal cost cost range per sub- 
8 1 ' nber $i'5o up to $1,00G depending on desired terminal 
display and/or hard-copy capabilities, and total data traffic 
requirements. 

^ XYlH ** I’ost ranfjc? per subscriber from "zero 11 
for portable local origination (assuming* two-way cable), 
to $500 per permanent home-terminal for subscriber 
origination capability* lota l per -subscriber costs for 
point-to-point switched video services probably ranee 
from $2 .000 - $•! .000 for local connection capability only 
(within a head end), to $15,000 for a national network. 

(Soe " Picturephone vs. Videophone' 1 below.) 
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C omputabili t y and Standftrdi&atlon 

S« lowg as TV program distribution plus the most probable types 
of two-way data and limited local-origination are the only required 
•.able services, and each operator provides the proper boxes to inter* 
face his system to standard TV sets or special cable receivers, ail of 
the different types of distribution systems can co-exist (even with 
different channel standards), ami can still be networked if desired. 

This compatability can be achieved at each head -end, just as it is now, 
by suitable channel frequency translations , etc. 

Note however that the present combination of a subscriber con- 
verter and a standard TV set with tuner represents a duplication of 
function, and that considerable economic?, could be achieved by large- 
scale production of special cable receivers i all-channel models in the 
case of frequency multiplex systems, and simplified "tuneriess n 
models in the case of switched systems. This of course raises the 
very pregnant question of whether the cable operator or the subscribers 
should own such special cable receivers, especially since a subscriber 
would have no guarantee that his special receiver would work on a differ- 
ent CATV system were he to move. Note also that the economies of very 
large scale can be obtained only if industry-wide standards are adopted 
for distribution , upstream, and data channels, and for data communica- 
tion techniques. On the other hand, the technology is evolving so rapidly 
at present that such complete standardisation within the next year or so 
would certainly be premature. Herein lies the horns of the dilemma. 

Privacy Cons iderations 

The privacy issue arises only when non-general -access signals 
exist on the cable, such as Pay -TV, or communications originated by 
or directed to particular subscribers. A tree -structured cable network 
has all its frequency multiplexed channels carried into all homes and 
obviously offers on opportunity (or challenge) for clandestine monitoring. 
A hub-structured network, oil the other hand, is comparable to the 
telephone system in this regard “the average subscriber has no ready 
means o i access to circuits or channels other than his own. A brief 
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examination of this question indicates that while cable monitoring is 
indeed possible in frequency/time-division networks, it requires con- 
siderable technical skill, yields dubious benefits (since private signals 
are likely to be digital and therefore rather cryptic in nature), and can 
be made as difficult as desired by special encoding techniques as needed. 

Telephone vs* Cable for Narrow-Band Data 

A number of people have suggested that narrow-band data services 
would be better handled over the existing telephone lines than by adding 
such capability to CATV systems, The Bell System and several utility 
companies are currently making experiments in meter reading via tele- 
phone, and although no quoted cost figures are available, it seems clear 
that subscriber devices costing $100 - $160 are necessary at present, with 
possible eventual reduction to perhaps $50, Since a telephone call is in- 
volved in gaining access to a subscriber line, exchange switching delays 
limit the maximum scanning rate to about 300 subscribers per hour, 
even though a special exchange interface is provided for automated call* 
ing by a utility company computer. Also, a meter cannot bo read when 
the telephone is found to bo m u*>e. To avoid interference with normal 
telephone service, the proposal is to road meters only duiing off-peak 
hours in telephone usage; thus the actual reading rate will be about 
i .000 • 3.000 per day. The same function can bo added to a cable two- 
way data system at a very low incremental cost ($10 -$25), with a read- 
ing rate of 4,000 or more per minute . 

Picturenhone vs. M Videophone” 

The general need or demand for point-to-point visual communica- 
tion, either on a local or national basis, has not been demonstrated, 
although the Bell System obviously fuels that it will be a viable service 
eventually. It also represents a capital cost escalation over the present 
$500 - $600 per subscriber voice telephone plant of about 5;1 for the 
1-Mlb. Pieturephone (which can use a substantial part of existing Telco 
" out -of -plant " cable and local switching plant), and perhaps 20:1 for a 
" srart-t’rom-sc rauh" nationwide 6-KUfo service ($12,000 per subscriber). 
In the latter case, about half the cost ($6,000 per subscriber) would arise 
in creating local hub-typo, 6-MHz distribution and switching networks 
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comparable in function to the 10,000-subseriber local exchanges on which 
the telephone system is based. Although this is the future role some have 
suggested for cable systems, these figures make it appear unreasonable 
to force any provisions in cable systems for future accommodation of 
general point-to-point video service. It is concluded that visual point- 
to-point services are best left to gradual addition of Picturephono 
facilities by the Telephone Company as the demand for such services 
actually arises. 
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CHAPTER U1 

COMPARISON OF HIGH ‘CHANNEL ’COUNT SYSTEMS 

The purpoii of this chapter is to examine the evolving technology 
of high ‘channel ‘count systems, with an eye both to the question of tech* 
nical factors affecting channel capacity and to the question of relative 
economics. The main emphasis is on downstream program distribution 
capability since this seems to be the overriding factor. All foreseeable 
two-way services can be handled with relatively few downstream and 
upstream channels, as discussed in Chapter IV. 

The three major types of systems to be considered are* (a) multi- 
cable systems carrying only the standard VHF channels and using stand- 
are TV receivers, (b) augmented -channel systems using additional non- 
standard frequency channels and requiring either a channel converter or 
a special all-cable-channel receiver for each subscriber, and (c) s witched 
systems in which channel selection is performed remotely from the sub- 
scriber's premisos and either standard TV receivers or simplified "one- 
channel" designs can be used. Note that systems (a) and (b) can also be 
used in combination. 

A. Haeke round 

Community antenna (CATV) systems started out as just that — 
carrying IV and KM -radio programs on the same frequency bands that 
are used in over-thc-air broadcasting, and permitting subscribers to 
receive these programs on their standard TV and FM receivers without 
additional equipment. Since the practical maximum frequency that can 
be carried on a CATV cable (currently 300 Mils) is well bolow the UIIF 
television band (470-900 MHz), a traditional single-cable system of this 
type can offer only the 12 VHF television channels, which occupy two fre- 
quency bauds from 54 to 88. and 174 to 216 MHt. Actually, 12 diannels is an 
upper limit which is seldom if ever obtained, particularly as CATV systems 
have departed from their original vole extending TV coverage into re- 
mote, marginal-rocepuon areas and become "urbanized", i.e., moving 
into areas covered by strong VHF -TV stations. In such areas, direct 
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pickup of broadcast signals In the cable and/or subscriber TV sets 
creates an interference with cable signals, more fully described in 
Appendix A, that can make the channels occupied by strong local 
stations unusable for cable transmission and reduce system capacity 
below 12 usable channels — to as little as five or six in some top- 
market TV areas. 

At the same time, the saleability of CATV in areas where sub- 
scribers can already receive a substantial number of broadcast 
stations off -the -air was found to depond upon the ability to offer an 
expanded channel menu. Thus, simply from a marketing standpoint, 
the CATV industry has for a number of years been evolving ways to 
regain the lost channels and/or expand somewhat beyond the tradi- 
tional 12-channel limit, and a few systems currently offer 15-20 
channels. More recently, the concept of the 11 wired-nation" has 
emerged in which many new uses for cable channels ha >e been pro- 
posed, leading to estimated demands ranging from 40 to as high as 
60 or more distribution channels and a good deal of controversy 
about the toclnicalfejwiW.lUyaixltlieeeojiomicsaCsuL'hnunihgra, In addition, 
various two-way video and digital data communication services are 
now proposed, leading to further demands on cable technology. 

B. Technical Problems Relating to Channel Usage 

Before getting into the relative characteristics of the three typos 
of systems for providing more than 12 channels, it will be useful to 
describe one aspect of the technical environment which hus influenced 
their evolution — the group of mutual interference problems that can 
occur eitner among cable channels in the process of then* transmission 
to a subscriber pnd his selection of one of them for viewing , or 
between cable signals and TV or other signals propagating through the 
air on the same frequencies. These problems have many complex 
interrelationships with various system parameters — cable-system 
distortion factors, receiver and converter charactoi istics , frequency 
allocations for non-VUF cable channels, etc,, — and an understanding of 
these interrelationship is important in comparing advantages and dis- 
;d vantages of the three types of cable distribution systems, ami 
in cable standardisation activities , Since the details are rather 
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voluminous* the problems are simply listed below, together with com- 
ments on their relation to the three types of systems under discussion. 
For complete description of these problems, please refer to Appendix A. 

Several further points should be made concerning the comparison 
of cable transmission and ovcr-the-air broadcasting in regard to these 
problems. Two of the six technical problems summarised below (on* 
channel pickup and cable u leakage") are peculiar to cable systems. 

The other four problems are almcst entirely a function of the character- 
istics of subscriber receiving equipment (TV sets or converters) and 
would thus apply equally well to both cable transmission and over-thc* 
air broadcasting, except that the FCC has effectively avoided their 
effects in VHF -TV broadcasting by a combination of appropriate channel 
frequency allocations and geographic separation of channel-usage assign- 
ments . So long as a cable system carries only the 12 standard VHF 
channel?, it U afforded the same protection against all but one of these 
latter problems (adjacent-channel interference) so far as receiver 
characteristics go, although some of the interference effects can be 
generated within th« cable system itself. All the problems apply in 
augmented -channel systems. 

(1) Qn-channcI interference 

interference at a subset tber ! s set due to direct pickup of 
broadcast signals from strong local VHF stations is a 
problem in ail non»switched cable systems; the cures are 
the shielding of TV sets (impractical for present sets but 
ieasibte f,.* new set designs), proper converter designs 
in systems using them (feasible), or a shift to a switched 
system using only sub-band transmission channels. 

(2) InUrmodulation and harmonic interference 

T!»% a c problems occur primarily in augmented -channel 
(converter) systems an u become more serious the more 
the number of channels per cable is increased. They 
are a function of cable frequency allocations, and can 
arise both in the cable system and the home converters; 
the cures are better cable amplifiers (feasible) plus 
proper converter or special cable receiver design 
(feasible), special choice of cable channel frequencies 
(difficult) or a shift to VHF-only or to switched systems, 
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(3) Imago interference 

This is also primarily a problem in augmented-channel 
systems; the cures are special choice of cable channel 
frequencies (difficult) and/or proper converter design 
(feasible), or a shift to VHF *>nly or switched systems. 

(4) Oscillator leakage interference 

This problem and its cures are roughly the same as (3) for 
augmented-channel systems. It has not been a problem in 
single- or multi-cable systems using only the 12 standard 
VHF channels, even though many TV sets have high leakage. 

(5) Adjacent-channel interference 

This is a problem that affects all non-switched systems 
and has been particularly troublesome in non-converter 
systems because many TV sets have poor adjacent- 
channel rejection characteristics (impractical to fix 
these existing sets); the cures are careful control of all 
cable s.’ngle levels (already standard practice), better 
TV set designs for non-converter cable use (feasible but 
not a short-term solution), proper converter design in 
augmented-channel systems (feasible), or a shift to a 
switched system. 

(6) CATV "leakage** interference with over-the-air & ;rvices 

The problem of signals leaking (radiating) from a cable and 
interfering with off-the-air reception has been confined to the 
past to potenti T interference with non-cable TV viewers be- 
cause only HF-TV frequencies were carried on most 

cable system? . With the newer augmented-channel systems, 
there is a potential danger of interference with other non-TV 
services (such as air-traffic control) in case of a cable break 
ai.d the FCC in the future may proscribe certain frequencies 
from cable usage. 



* In the Malden, Massachusetts cable system an estimated 60 percent of 
the service calls are for "tuner 1 * problems, and about half of these are 
adjacent-channel problems, usually leading to TV-set repairs or re- 
placement. 
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C* Multi-Cable Systems 

The first means employed to get around the problem of "lost" 
channels due to direct pickup of broadcast signals was to install two 
or more parallel cables, each carrying different programs on the 
same VHF-TV channels. Drops from each cable are brought into each 
subscriber's home and connected to a switch which permits the sub- 
scriber to select one cable at a time for connection to his receiver. 

This provides a nominal 12 channels per cable, but those channels with 
direct pickup problems must be omitted from each cable. 

1. A Typical Dual-Cable VHF System 

As a typical example^ this type of system, Table 3-1 lists the 
selections available on the dual-cable system operating in Malden, Mas- 
sachusetts (Malden Cablevision Co. ), which include: 15 off-the-air TV 
station (nine VHF and five UHF), one local origination channel, two 
news wires (character displays), and six FM radio stations carried on 
TV sound channels (for reception through the TV set speaker). Note 
that since Channels 4, 5, and 7 cannot be carried on-channel in the Metro- 
politan Boston area because of direct pickup, the Malden system moves these stations to Qian- 
nels 10, 11, and 12 of cable "A", substituting the FM radio programs on 
Channels 4, 5, and 7 of both cables. Thus to view Channel 4 (WBZ- 
Boston), a subscriber must set his cable selector switch to "A" and 
tune to Channel 10 on his TV receiver. Malden features aboutei^tt hours 
per day of local origination programming (town affairs, school-boy 
sports, etc. ). and this is carried on Channel 13 of both cables. 

2. Cost Data 

installation costs for a multi-cable system are of course greater 
than for a single-cable system, how much more depending upon whether 
the cables are installed sequentially (upgrading older systems) or all at 
one time. Double-tracking an existing cable obviously costs as much or 
more than the original cable since labor and material costs tend to keep 
rising with time, but two cables can be installed at one time at a cost 
about 50 percent greater than for a single cable. No exhaustive analysis 
of cable installation costs has been made, but figures for the Malden 
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TABLE 3-1 
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TO TUNE IN 8ETOIALAT 

! WGBH Boston 2A 



i WBZ Boston 10A 

O WHDH Boston 11A 

| WTEV NSW Bedford 6B 
WNAC Boston 12A 



TV NEWS SERVICES 
UPI Nows 3A 

Stock Market 8A 



TO TUNE IN 



SETOlAl AT 



OwMUR Manchester 9B 
£3 WJAR Providence 10B 
gawENH Durham tlB 
m WPRI Providence 12B 
KJ WSMW Worcester 9A 



TO TUNE IN 



SSTOMIAT; 

El WSBK Boston 8B 

EEIwgbx Boston 3B 

B3WXPO Lowell 2B 

EJ WKBG Boston 6A 

QjcJ MALDEN 13AAB 



FM STATIONS 






WCRB-FM 

WJIB-FM 

WPLM-FM 



4A 

4B 

5A 



WHDH-FM 

WBOS-FM 

WEEI-FM 



5B 

7A 

7B 



MALDEN CASUVtSlON CO. Otficu and studio*, na maun! St / Mtidn / Mm. 02i4i / (a 1 7) 334*0620 



Notes: 



!•) Channels 4, 5, and 7 have direct-pickup problems and g-e 
carried on cable channels 10.. 11, and 12 of cable A* 

2.) Channel 13 is a local origination (both cables). 
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system described above appear to be typical for downstream only plant** 

The Malden system was installed in 1969/70 by Jerrold Electronics 
Corporation under a turn-key contract for the entire system* Cable instal- 
lation costs were not directly broken out, but it is believed that the average 
cost per mile for 86 miles of dual trunks and feeders (mostly Serial, some 
underground) was $5400. The system has an average density of 190 dwell- 
ings per mile, and the per-dwelling ensts for trunk and feeder installation 
work out at $28.40, to which must be added $32.00 per subscriber drop 
(the actual cost in material and labor for installing a dual drop, including 
pro-rata share of the cable tap). Thus the tctal per subscriber distribution 
cost, assuming 100-percent penetration, is roughly $60 for VHF-only 
carriage (24 -channels maximum) without upstream capability. 

Although the Malden system can carry frequencies up to 240 MHz, 
it is operating VHF-only and has not yet used this super-band capability. 

The addition of converters as described in Paragraph 3 below would per- 
mit a substantial increase in downstream channel capacity without any 
changes in the cable plant. However, rctrofitllng for sub-band upstream 
transmission on both cables would add about 30 percent to the trunk and 
feeder costs, bringing the per-subscriber cabl e cost (100-percent penetra- 
tion) to about $70. 

3. Use of Converters in Multi-Channel Systems 

As has been discussed, multi-cable systems operating directly 
into standard TV sets should provide 12 channels per cable, but lose the 
same direct-pickup channels on both cables. Thus a more typical capacity 
in upper-market areas is eight or nine channels per cable, down to as 
little as five or six in major markets suer* as New York City, and San 
Francisco. This hardly provides the chcrmel capacity desired for "wired 
nation" services. 

Although converter systems will be discussed more fully in the 
next section, it should be noted here that their current state-of-the-art 
is 21-25 nominal channels per cable, thus adding them to a dual-cable 
system immediately jumps usable capacity to the 42-50 channel region 
(depending on the type of converter, some of these may be lost due to 
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Information on the Malden system was obtained in a visit by J. E. W*rd, 
J. F. Reintjes, and R* G. Rausch on January 17, 1971. 
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direct -pickup, harmonic problems, etc.). In fact, this combination 
seems much more promising for obtaining such capacity than fore* 

3<?cable cxt<m8ioiiv of single-cable converter technology, for reasons 
which will be explained in Section D below If convertor systems lm- 
prove to 30 or more channels per cable in the future, combination 
dual-cable/converter systems can then provide 60 channels or more. 

The other alternative for very largo capacity is a switched system 
(see Section £)• 

The addition of converters to a dual-cable system adaa about $30 
(current price range for 20- to 25-channel convertor units) to the other 
per-subscriber cable -plant costs. Using the figure of $70 per subscriber 
for a modern two-way, dual-cable plant (from Paragraph 2 above), the 
total distribution cost of a dual-cable/convcrter system with upstream 
channel capability is about $100 per subscriber on a 100-percent satura- 
tion basis. This is the figure which is used as a basis for comparison 
with the single-cable and switched systems. 

4. A Modern System Plan 

A new system being planned for Lawrence, Massachusetts, is an 
interesting example of current trends, both in high-channel-count and in 
two-way technology.* Initially (for the first 2-3 years), the system will 
probably operate VHF-only with 24-channel nominal capacity (less perhaps 
Channels 7, 9, and 11 due to direct pickup). When suitable ccnverters be- 
come available, it is planned that one cable will be downstream only and 
will provide 27 channels (2- 1 3 and A -O ) between 54 and 252MHz. The other 
cable will provide 13 downstream channels (7 - O) and will use a generous 
frequency band (from 10-108 MHz) for upstream transmission of six video 
channels and up to 3,500 data channels. Note that with this assymetrical 
arrangement, only one cable need be retrofitted for upstream transmission. 
The total of the above is 40 downstream channels, but indications are that 
it may be necessary to omit perhaps four of the mid-band channels to 
avoid harmonic problems, leaving an estimated 36 usable channels . Although 
definite cost figures are of course not yet available, the estimated per- 



T icrma:u/;» provided by Mr. Thomas G. Polis, Director of Engineering, 
wrv*'- r 1 iwreace Community Antenna. 
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subscriber costs for the eventual configuration are very close to 
as in Paragraph 3 above. 

The Lawrence system is being planned with six completely in- 
dependent trunks radiating from one head-end, with each trunk having 
feeder branches in the usual tree-network structure. One advantage 
of this arrangement is that it multiplies the simultaneous upstream 
capacity by a factor of six — to 36 upstream video channels and up to 
21,000 data channels in the probable final configuration. It also offers 
the possibility of reusing certain channels for different locsii -interest 
programs in each of the six trurik systems. Thus this will be a sort 
of combination hub/tree network. 

D. Augmented Channel Systems 

Use of subscriber converters to solve the direct -pickup problem 
in cable reception dates from late 1965, when shielded VHF-VHF pre- 
tuners for the 12 standard VHF channels were first developed by the 
International Telemeter Corporation as a solution to the direct-pickup 
problem* The function of these units was to perform the channel tun- 
ing in a shielded environment (instead of in the set tuner) and convert 
to a "quiet" channel (usually 12 or 13) to which the TV set is left tuned. 
Channels 12 and 13 are the best converter -output channels for a variety 
of reasons described in Mr. Court's paper, providing alternate output 
channel choices that are adjacent to insure that one or the other of them 
will be quiet" in all areas. Later, converters were constructed with 
the capability for tuning additional non-VHF frequencies, leading to 
greater channel capacity per cable. 

^ • Charac teristics of Present Augmented-Channel Converters 

The cable industry has generally adopted a set of nine "mid-band" 
cable channels between 120 and 174 MHz (see Table A -III, page A-26), 
thus a converter designed to handle these mid-band channels in addition 



"Design and Use of CATV Converters," Patrick R. J. Court, 
Information Display . March/April, 1971. 
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to the standard 12 VHF channels has a maximum capacity of 21 channels. 
Capacity beyond 21 channels is obtained by also using the "super-band" 
channels which start at 216 MHz (above Channel 13) and run as high as 
cable bandwidth will allow. Since few presently installed cables will 
handle frequencies higher than 240-246 MHz, the current state of the 
art in tuner-converters is to include the first four or five super-band 
channels (216-246 MHz), yielding 25- or 26-channel capacity (these 
numbers were also convenient .n converter design; see paragraph 2, 
below). 

Not all converter dusigns on the market are of tuner type such 
as described above. One "tunerless" type block-converts seven mid- 
band channels to high-VHF band (Channels 7-13), with a switch to 
determine whether the TV set tunes from this group or the standard, 
unconverted Channels 7-13. Another type is similar in operation but 
block -converts seven s uper-band channels to Channels 7-13. Both of 
v.he above yield a 19-channel capacity. Still another unit block-converts 
nine mid-band channels to some part of the UHF band for tuning by the 
TV-set UHF tuner. This latter unit yields 21 channels, but does not 
provide detent-tuning for the mid-band channels (tuning is the same as 
fer UHF broadcast stations). Since the converted channels are all 
adjacent, which they never are in off-the-air UHF, one might expect 
some difficulty in tuning, especially since the selectivity of UHF tuners 
is usually not as good .. s that of VHF tuners (actual performance of this 
xiTiit ;n practice has rot been investigated). Ail of the tunerless converters 
tnat convert to the high VHF band are still subject to direct-pickup problems 
on the VHF channels, since all tuning is done by the TV receiver. 

Table 3-U lists some available converters, their conversion schemes, 
and total channel capacies. The tunerless converters represent a handy 
solution to the problem of obtaining a few more channels, but will probably 
disappear in the long run in favor of the tuner type (greater user conve- 
nience, more complete solution of interference problems), or new cable 
receiver designs which tune cable channels directly, eliminating need for 
a converter at all. 
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TABLE 3-11 

CHARACTERISTICS OF AVAILABLE CONVERTERS 



TUNERLISS TYPE (Block Converters)} 



Mfr. 


Model 


Convenlon 


Nominal 

channels 


AEL Comm. Corp/ * ' 


Superband 

Tunerless 


7 Super-Band to 7-13 


19»> 


Tomco Comm., Inc. 


SB-1 


7 Mid-Band to 7-13 


19 U) 


Vlkoo, Inc. 


201 M 


9 Mid-Band to UHF 


21 




TUNER TYPE (Conversion to Channel 12 or 13 )t 



Mfr. 


Model 


Chonnels 


Total 


VHF 


Mid 


Super 


chonnels 


Craftsman Electronic 
Products Corpe 


FV25 (3) 


1-13 


9 


4 


26 


Homlln Int. 


MCC-100 


2-13 


9 


4 


25 


Tomco Comm., inc. 


Coble- 
Select il 


2-13 


9 


4 


25 


TV Presentations, Inc. 


Gamut 

26 


2-13 


9 


5 


26 



’a 



Notes: (1 ) Requires 258-MHs copobility. 

(2) Subject to direct-pickup problems on VHF channels. 

(3) A push-button tuner with two bonks of 13 buttons 
eoch (lobeled 1-13 and A-M) ond a selector switch 

to determine which bonk is active (frequency assignment 
for channel 1 not given). 
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2 * Converter Costs 

Present 2 5-ehunnel tuncr-converter costs are quoted in the range 
from $30 to $50 depending on the type and manufacturer. Actually, 
converter technology is in a period of transition. Only a few tens of 
thousands of converters of all types are yet in use, and although many 
of those have been cleverly devised from available VHK-TV tuner com- 
ponents which arc standard, highly tooled production items, and thus 
reliable and low in cost? they do not represent an optimum solution to 
the interchannel interference problems in augmentod-channel systems, 
or to further expansion of channel capacity. The industry is now 
moving toward new all-channel designs which can take full advantage 
of interference rejection possibilities (see page A-29) and the new 
extensions in cable bandwidth (to 300 MHa). Until large-scale pro* 
duction builds up over the noxt few years, such new designs will un- 
doubtedly cost more than present 25-channel designs, perhaps in the 
$50-60 region. 

Assuming that pur-subscriber installation cost of a single-cable 
trunk and feeder system, including drops, is about $50 on a 100-percent 
saturation basis (basod on an assumption of two-thirdv of the Lawrence 
dual-cable system coats given in Section C above), the addition of con- 
verters to provide 25-channel capability (or mere) brings the total pur- 
subscriber cost of an augmented- channel, single-cable system to $80- 
$100, depending on actual converter cost. 



3 * Ultima t e Single-Cable Capacity 

There are obvious limits on the maximum number of downstream 
channels that can be carried on a single cable* 



(a) total cable system bandwidth (largely determined by 
cable amplifiers, 



For example, at least one of the 25-channel tuner-converters is con- 
structed front two modified 13 “position VliF tuner mechanisms in 
cascade; tnc first of which tunes the 12 VilF channels and the second, 
selected bv the 13th (UHF) position, tunes 13 mid- and super-band channels. 
(F. R . J . Court, Ibid. ) 
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(b) channels which may be unusable /or one reason or 
another (interference effects)! 

(c) channel needs for upstream transmission. 

Within the past six months, cable amplifiers giving good perform- 
once up to 300 MHss and higher have become available. One series of 
cable-mounted trunk and distribution amplifiers, offered by Anaconda 
Electronics, incorporates a postago-stamp-siaed hybrid amplifier chip 
made b/ the Hewlett-Packard Company. This amplifier chip sells for 
only $50 and provides excellent performance from 40 to 330 MHa (+1 dB 
from linear slope over this range, +0. 3 d» from 40-270 MHa), withvery 
low crows modulation and socond-ordor intcrmodulation products (.89 
and -80 dl3, respectively).* Thus 300-MHa bandwidth is now a reality. 

As discussed in Section 6 of Appendix A (pages A-24 to A-33), 
the question of how many usable channels can be fitted into the available 
downstream bandwidth between 40 MHa and 300 MHa on a sinale cable 
remains open. At face value the maximum would be (300 *42)/6 o 43 
channels, but there are a number of factors which arpear to militate 
against obtaining this exact number. These are presented in detail in 
Appendix A, and are simply listod here: 

^ P ro8cr *PHon of s^.ne frequencies in the 

108-136 MHa region bv rCC/FAA as a possible 
hazard to aircraft r-vigation/control. 

(b) The present YHF Channels 5 and 6, if retained on 
the cable, don't fit into a contiguous-channel allo- 
cution scheme. 

(cl Converters to handle such a large number of channels, and 
eope with all the interference effects possible in a 
bandwidth of almost three octaves, remain to be 
demonstrated. Some particular channels may 
present unsolvablc problems and have to be left idle. 

It is certain that converter technology will progress beyond ;he 
present plateau of 25-26 channels, and may reach 30-35 



HP Specifications "Exhibit C" dated March 15, 1971 for H01-35602A 
and H0*.*3^602A amplifiers* 






3*14 

channels in the near future. How close one can come to completely 
filling the available bandwidth with usable channels remains to be 
seen. 

Vi . Swit c hed Systems 

1 . I ntroduction 

The previous sections have discussed progress and prospects in 
tho extension of traditional CATV technology, which amounts to broad* 
casting $n a cable network rather than through the air. At least two 
CATV equipment companies have recently decided that the many com- 
plex interference problems encountered in the frequency multiplexing 
of li.rge numbers of TV channels on an imperfect medium (cable) and 
the selection among thorn by subscriber-end ''cte -Multiplexers" (con- 
verters and/or TV-set tuners) are better solved, at least in the 
urban multi-VHP* station environment, by adoption of a completely 
different approach — remote channel selection in "centralised" 
switching equipment and transmission of only one for a few) channels 
per cable at $ub*VHF~band frequencies tless than £0 MH&) selected for 
minimum interference problems. This of course requires that the sub- 
scriber ’ drops" must be extended to a common point where the selection 
switching is performed, instead of simply being tapped into the nearest 
point on a multi- channel, f requency-diviaion-multiplex trunk/feeder system 
that carries the same signal men.' past all subscribers. 

The radiating structure of the drops In switched systems character- 
ises them as "hub networks", as opposed to tho conventional CATV "tree 
network". Since the telephone system as a point-to-point communication 
service *s also a hub network, considerable speculation has developed 
about this similarity and the possibility of enlarging and/or merging func- 
tions* up to ai.d including two-way, point-to-point " videophone' 1 services 
«n the same broadband subscriber cables used for CATV distribution. 

The intent of this section is not to address this question per se, but to 
Compare the emerging switched -CATV systems with the conventional non- 
t» witched systems as a means ot distributing large numbers of channels. 
Two-way features and possibilities are also noted. Point-to-point switched 
video is discussed in Chapter IV. 
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The two switched systems to bo discussed are the Dial-a-Pi;oRram™ 
system offered by Rediffusion International, Ltd., and the DISCADE 7 ^ 
(Discrete Cable Area Distribution Equipment) offered by Ameco, Inc. , 
both of which started trial operations in mid- 1 970 — Dial-a-Program in.. 
Dennis Port, Massachusetts, and DISCADE in Daly City, California 
(now being expanded into a full-scale 20-channel installation by the system 
operator).* Because of the important ramifications of this new CATV 
concept, thoie systems were thoroughly investigated and reported upon 
in separate interim memoranda submitted during the course of the study. 
Revised versions, based on respective review and comment by Rediffusion 
and Ameco, are included hero at Appendices B and C and should be re- 
ferred to for details of system characteristics and cost analysis. Im- 
portant summary information is presented below. 

2 . The Rediffusion Dial-a-Program System 

As described in Appendix B, the Rediffusion approach is to perform 
channel selection remotely in switching units capable of handling 336 or 
more subscribers, and transmit only the one selected channel to the sub- 
scriber on a private "drop" wire. A novel feature of the system is the 
use of a very low frequency distribution channel (3.19 to 9. 19 MHz) that 
can be sent over low-cost twisted wires (instead of coaxial cable) for 
distances of up to 2, 000 feet without amplification. The wires are of the 
®ame gauge as the twisted pairs used in telephone systems, but are 
constructed in a special configuration called a Qwist™ (four wires 
twisted together). Figure 3-1 shows two forms of this cable: a single 
Qwist used for the final drop into a subscriber's premises, and a 
6-way feeder Qwist (six Qwists in one sheath) used to extend groups 
of subscriber drops to the switching exchange. One wire-pair in each 
Qwist was designed for the program channel, the other wire-pair for 
switching control. (Rediffusion is currently experimenting with switching 
control on the program pair, leaving the other pair completely free for 
other us e$ . ) 

The present switching exchange design utilizes rotary, mechanical 
selectors and permits remote selection of any one of 36 channels. This 
could be extended to 72 or 108 channels (or more) either by paralleling 
exchanges of the present design, or by redesigning with larger selectors; 
in either case without any alteration of the distribution cable network or 
»*■ ' **'*"' - - ■ 

Announcement was made in October, 1971, that DISCADE has also been 
selected for a major installation in Salt Lake Citv. 
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Fig. 3-1 Qwlst^ Distribution Cable (Rediffusion International, Ltd.) 
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the subscriber equipment. Thus of all the systems examined, the 

Dial-a - Program system seems to easily win the channel "numbers 
game". 

hub networks, total cable-footage required rises much more 
rapidly as a function of area served than in tree networks, thus there 
is a dual impetus to keep per-foot cable cost low (as Rediffusion has) 
and to disperse switching centers to serve relatively small areas. 

With 336-subscriber exchanges and a 2, 000-foot maximum "reach" of 
subscriber drops, exchange density would be in the range from four 
to ten per square mile, depending on living density and penetration. 

In analyzing the cost of aDial-a-Program installation, the decision was 
made that the be.t comparison with non- switched systems would be 
obtained by considering all costs associated with a single exchange 
installed in a medium-density single-dwelling area (50 by 100 foot lots) 
on a 100-percent penetration basis. The analysis, presented in detail 
in Appendix B, includes the exchange equipment plus land and housing 
for it, the distribution cable network, subscriber equipment, connecting 
inter-exchange trunk, and a 40-percent allowance for multiple sub- 
scribers. (Note that those subscribers with more than one TV set which 
they wish to use independently require a separate drop and exchange 
selector.) Head-end costs were excluded, since these are roughly the 
same for all systems. 

The resulting distribution cost for a 36-channel Dial-a-Program 
system is $186 per subscriber. This is considerably higher than the 
figures for dual-cable and/or converter systems with comparable 
channel count, and must be balanced against the additional features of 
the Dial- a -Program system. The channel extension possibilities have 
already been mentioned. Another is that there is a ready-made, private 
upstream video channel from each .* ubscriber to the exchange, using 
9-15 on the same Qwist pair u*ed for the downstream channel 
(requires additional equipment at both ends). This permits many simul- 
taneous originations from all points in the system, and could form the 
basis for a point-to-point, two-way videophone service if additional 
switching facilities were provided. 
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Although the Rediffusion subscriber-selector unit ($31) converts 
the cable channel to Channel 12 or 13 for reception on standard TV sets, 
it could as easily operate with simplified (tunerless) TV sets by con- 
verting to the IF frequency. In fact, Rediffusion estimates 30-percent 
cost savings for special receivers incorporating their dial-selector 
unit in place of the usual UHF/VHF tuner. Finally, the complete 
freedom from all multiplexed-channel interference effects should be 
considered. 

3. The Ameco DISCADE System 

On close inspection, the DISCADE system described m Appendix C 
is found to be a cross-blending of the traditional tree- st ructured VHF 
cable system and a switched, sub-band system as described above. 

The DISCADE solid-state switching units (Area Distribution Centers) ^ 

are in smaller sizes (8, 16, or 24 subscribers) and are spliced into *•% 

aerial or underground cables in the same manner as the usual cable 
line amplifiers. The network itself is tree-structured, with trunks 
and feeders (called sub-trunks by Ameco) laid out in the usual pattern. 

The important difference is that these all have ten coaxial cables running 
in rallel, each carrying two or four channels frequency multiplexed 
in a band of frequencies from 5-50 MHz. This provides either 20 or 
40 channels total. Because of this low range of channel frequencies, 
smaller coaxial cables can be used than in VHF or augmented-channel 
systems, thus cost per mile for the network is not much greater than 
for a modern dual-cable system (Ameco estimates $11, 000 per mile for 
trunk, $7, 500 per mile for sub-trunk, including switch housings, and 
that the typical ratio of sub-trunk to trunk footage is 10:1). 

Each subscriber has a $15 selector-converter unit and single 
coaxial drop cable (up to 2, 000 feet) to the nearest Area Distribution 
Center (ADC). The largest element of cost is that one 10-pole solid- 
state switching module must be plugged in to the ADC for each connected 
subscr.ber, and these cost $60 each. As in the Rediffusion Dial- a -Program 
system, multiple TV sets in a single dwelling require separate selectors, 
drops, and switch modules if they are to be used independently. Details 
of the hybrid space/frequency selection switching are presented *n 
Appendix C. 



The cost analysis of the DISCADE system was carried out undtr 
exactly the same assumptions as for the Dial-a-Program system, and 
resulted in a figure of $113 per subscriber, very close to the figures 
for dual-cable and augmented-channel systems of comparable channel 
count. For comparison with the Rediffusion system, the present im- 
plementation does not include any upstream channels, nor has a definite 
plan been stated by Ameco. Some ideas as to how upstream capabilities 
could be implemented are described in Appendix C, but there is no way 
to estimate the costs involved. The network and switching arrangement 
does not seem to lend itself as easily as the Rediffusion system to any 
future requirements for point-to-point two -*v# ,y services. Also, in- 
crease in channels beyond 40 would require one additional trunk and sub- 
trunk cable throughout the system per four channels added, plus either 
design of new ADC's and larger switching modules, or paralleling of the 
present units ir. some way. 

On the plus side, DISCADE shares with Dial-a-Program almost com- 
plete immunity to the interference effects in the usual multiplexed -channel 
VHF systems, and the ability to use simplified (tunerless) TV receivers. 
One such application of DISCADE at Disneyworld, Florida, is described 
in Appendix C. Also, the DISCADE system has the advantage that all 
its equipment is cable-mounted, requiring no real estate to install large 
switching equ;pment. Further, it sterns more flexible in regard to 
growth from low to high penetration, since trunks and sub-trunks could 
be installed throughout an area at about the same per-mile "wire-up" 
costs as present dual-cable VHF systems (if Ameco's figures are correct), 
with ADC's being installed only where and when needed to meet actual 
subscriber hook-up requirements. The Rediffusion exchanges, on the 
other hand, would have to all (or mostly all) be installed at the outset 
because they are part of the trunk system, and require ground real estate 
which would need considerable advance planning and preparation for 
acquisition, particularly in already settled communities. 

The two systems are basically alike in concept, however, and their 
present technology can and probably will metamorphose as needed to be 
competitive and to meet any actual or expected demands for two-way data 
and/or video communications services. 
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CHAPTER IV 

TWO-WAY CONSIDERATIONS AND SYSTEMS 
A . Introduction 

This chapter discusses the emerging technology of two-way 
communication on CATV cables and prospects for the future. Except 
for a few experimental installations and trials during the past year 
or so, existing cable plants are only equipped with one-way downstream 
amplifiers in the trunk lines for the normal TV distribution bond from 
54 to <£16+ MHz . By use of suitable frequency splitters at each down- 
stream amplifier location, it has been found possible to add amplifiers 
to selectively transmit frequencies below this band (i.e., from roughly 
5-40 MHz) in the upstream direction.* A number of CATV equipment 
manufacturers are now beginning to offer such devices, either for new 
systems or the upgrading of older ones, with the exact frequency range 
provided varying with the manufacturer. 

The availability of say 30 MHz of upstream bandwidth permits up 
to five 6-MHz upst.eam channels, some of which can be used for remote 
TV originations from any point in the system and some for a variety of 
digital data purposes. Whether five upstream channels is sufficient 
depends upon what services one wants to provide. To go beyond this, 
some proposals are to install a separate cable wi.n full upstream band- 
width, use a greater share of one or both cables in dual-cable instal- 
lations, or as in the Rediffusion Dial-a-Vision switched system, provide 
a separate upstream channel from each subscriber to his program 
exchange. Whatever the needs, it is clear that substantial upstream 
cable capacity can be provided within the state of the art and within a 
factor of two (or less) of the cost of downstream-only configurations. 



See for example: "The Real World of Technological Evolution in Broadband 
Communications ", II. J. Schlafly, report prepared lor the Sloan Commission 
on Cable Communications, September, 1970. 
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B. Upstream Television Channels 

The first paragraph below discusses the current trends in the 
industry, i. e. , what is now possible or will be shortly. The second 
paragraph treats the question of expanding CATV systems to include 
full two-way, private video transmission on a subscriber -to -subscriber 
basis and concludes that this would be very expensive and would not 
fit within tree- structured CATV systems. 

1 . Present Capabilities 

The most obvious u tie for an upstream TV capability is to permit 
cablecast originations from any point in the system, transmitting the 
camera signal back to the head-end or the cable-casting studio for 
taping and/or live retransmission on a regular downstream channel for 
general viewing* Needs for such service can probably be satisfied by 
a few upstream channels on an occasional-usage basis. 

The next level of service is to provide certain restricted-access, 
subscriber-origination video transmission services not connected with 
general CATV program distribution, such as the interconnection of 
TV-viaual services between schools, municipal or police visual nets, 
etc. This would add to the needs for upstream channels, both in the 
number of simultaneous channels required, and in average usage. 

Note also that in order to provide such point-to-point or ’’one-to-few" 
services passing through the head-end, a controlled-access downstream 
channel is reauired for each upstream channel so used. An interesting 
example of this clas.; of service is a community conference «*vok up 
permitting a controlled group of subscribers (the conferees) to view and 
participate verbally with their chairman (another subscriber who has a 
camera and means for controlling viewing access). Such a system is 
being developed by Vicom Industries, Inc*, Dexter, Michigan, and as 
described in Section C below, they plan to use three upstream and three 
downstream TV channels (plus additional audio and data channels) to 
provide for three such conference hookups simultaneously. 
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2. The Cloudy Future 

Beyond the above types of video services that can now or very 
shortly be offered, there has been speculation about personal point- 
to-point video services, such as remote medical diagnosis, general 
■Video-phone" service, etc. These of course imply permanent 
installation of cameras and cable modulators at subscriber locations, 
which would represent a major cost escalation — by at least $500 
per subscriber even when such devices are in large-scale production, 
and perhaps more. More important from the viesvpoint of the cable 
plant, the number of independent two-way channels needed would be 
far in excess of the foreseeable extensions of present cable technology, 
except perhaps for the Rediffusion Dial-a- Program system. Note how- 
ever that in the Rediffusion system as presently implemented, the 
individual two-way subscriber lines have a "reach" of only 2,000 feet 
and the largest hub is 336 lines, which is a rather small base for a 
generalized point-to-point switching network (the balance of inter- 
exchange lines to subscriber lines would be vety poor). Whether or 
not the subscriber lines were extended (with two-way amplifiers and/or a 
change to coaxial cable) to permit larger hubs, total switching gear at 
least comparable in complexity to the usual 10.000-subscriber telephone 
exchange would be needed within a typical head-end, since the switching 
requirements would be the same. 

Large-scale point-to-point switching apparatus for 6-MHz channels 
is probaoly feasible, particularly if the signals can be handled at baseband- 
viceo or at very low carrier frequencies such as used by Rediffusion and 
Amoco. The Bell System already car. switch 1 -MHz Picturephone signal on 
mod it lea No. 5 crossbar and ESS equipment, and solid-state video cross- 
bar switches (116 by 211 lines, have been constructed for NASA. 
Large-scale broadband switchgear would have to be developed, however 
and would certainly be more costly than present telephone switchgear. 

Also, interconnections between exchanges would require broadband 
trunk circuits (in the telephone system sense) which would become ex- 
tremely costly as the size of the interconnected system expands (one 
b-MHz channel occupies the same bandwidth as 1,000 voice-grade tele- 
phone charnels). Minimum investment costs for the most modern 
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long-haul terrestrial telecommunications systems are $1,7 SO per 

£ 

cftannel-mile for 6-MHz television channels (TD-2 Microwave Relay). 
Present proposals for a domestic satelitc (with a backup satelite) are 
based on providing eight 6-MHz TV channels (or 10, 560 voice chan.^v to) 
at an investment cost of $47 million. Annual lease of a two-way TV 
circuit (two channels) is expected to be $1. 8 million, or $5, 000 per 
day (from FCC filings by GT and E/Hughes, 1970). 

In this connection, one study by Complan Associates, Inc. hasetfi- 
mated the added capital cost of a complete nationwide l-MHz Picturephone 
service serving 100 million subscribers to be $3,000 per subscriber, 
about five times greater than the investment in the existing voice-grade 
telephone system, and that a 6-MHz aorvice on the same basis would 
cost about 1.2 trillion dollars ($12,000 per subscriber). In hath estimates, 
”out-of-plant” and local exchange costs (subscriber lines and terminals, 
and first-level switching) account for one-third to one-half of the total, 
thus two-way 6-MHz ‘Videophone” service just within a typical CATV 
head-end (10, 000 subscribers) would cost at least $4, 000 per subscriber, 
perhaps 20 times more than the most probable types of CATV configura- 
tions over the next few years. 

It should be noted that no analysis comparable to that of the 
Complan study has been made for generalized point-to-point services 
during the course of this study. Whether the estimates presented above 
are correct or not, however, it is clear that the cost multiplier for 
expansion of CATV systems to include generalized point-to-point 
switched “videophone” service is quite large and that a hub-type net- 
work would be required. 



*S 



^6 



"Investment cost of Terrestrial Long-Haul Telecommunications 
Facilities", R.D. Swensen, IEEE Transactions on Aerospace and 
Electronics Systems, Vol% AES-7, No. 1, January, 1971, pp. 115-121. * 



President’s Task Force on Communications Policy, Staff Paper I, 
Part 2, Appendix I, Clearinghouse No. PB 184413, June, 1969. 
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C 1 EU*,».a! C hannoU for Control ..Monitoring, and Data Services 

Thi?re *s a wide range* of services ono can imagine for digital 
comnmn;ca;;on via the cable plant. Some of the simplor ones include 
providing the head-end with information concerning the operation of 
the cable plant via equipment sensors, or the monitoring of the tuner 
of each subscriber to gather viewing statistics, Several tost instal- 
lations of this sort are now in progress, and new equipments for those 
purposes are now coming on the market. Moreover, if current computer 
communications techniques are employed, it is possible to provide 
(in order o; ascending cost) «unh services as push-button opinion samples 
or voting, meter reading, data entry and retrieval from local or remote 
data banks, electronic mail, and so forth. In the remainder of tnis 
section an attempt will be made to examine the technical features and 
costs of successively more complex systems. 

Digital aaiismiieattauii a Uxnj-structuredGATV cable i s bas'.d on the concept 
of a shared ©arty line, with subscriber stations speaking only when 
spoken to, i. upon receipt of an addressed message. Herein lies 
one of »!,o interesting problems : n devising high-data- rate channels — 
how to avoid a high overhead in lost channel time due to the variation in 
tound-trip transmission time as a function of eubscrib-.r distance, at 
the same time preventing any possibility of response overlaps. This 
issue is discussed in the first paragraph below, which includes a pro- 
posal tor a compensating delay scheme. Subsequent paragraphs discuss 
the characteristics of three new two-way digital systems, in order of 
increasing sophistication. The final paragraph discusses the privacy 
issue , 

1 * An Approach to .Upstream Commv.nicat ion ' 

Th;v note indicates some factors which influence upstream digital 
dau rates for a t rev-configured cable communication system. It is shown 
that data rates close to absolute muximums can be achieved for two dif- 
ferent types of systems with very modest equipment. In order to determine 



An unpublished memorandum prepared by Professor James K 
Ma.vh, 1971 . 



Koherge, 
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data rates it it necessary to assume certain parameters for the system 
under study. These assumptions are not restrictive since rates which 
depend on them can be readily scaled to determine the performance of 
different size systems. 

The system under study is assumed to have a single one-megabit- 
por-second digital channel devoted to upstream communication, as well 
as a downstream channel used to poll the subscriber stations. The 
average downstream data rate required for polling is low, so this 
channel can also bo used for communication with subscriber stations 
or for other unrelated functions* The system serves 10,000 subscribers, 
and the one-way cable distance from the head end to the most remote 
station is 1 0 miles. 

The simplest system is one where all subscribers are polled 
sequentially, with a fixed time alotted for reply. This approach limits 
the maximum upstream data rate of any single subscriber to 10^ 10* * 

100 bits per second. This rate is an asymptotic limit which can be 
closely approached only if some method is included to minimize effects 
of cable delays. 

If no additional delays are introduced at subscriber stations, mes- 
sages provided in response to polling will be delayed by the roun.i-trip 
cable transit time between the head end and the subscriber station. 

Tins delay depends on the velocity of signal propogation in the cable, and 
has a maximum value of 150 ps for a 10-mile system using cable with 
average characteristics. Assuming no compensating techniques are 
used, this maximum delay represents a dead time overhead which must 
be included as part of every response interval. The total length of a 
response interval is dependent on the length of the message transmitted 
by the subscriber stations each time they are addre»oK.J. If a 150-bit 
message is transmitted by each station, the dead-time overhead reduces 
the effective average bit rate to 50 bits per second. A message length 
of 1, 500 bits would be required to increase the average bit rate to 90 
percent of its asymptotic value, or 90 bits per second. (The above 
assumes a storage capacity in the terminal for the required message 
length. } 
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System complexity can be reduced if some form of compensation, 
is used which reduces the local memory required to achieve a given 
fraction of the asymptotic bit rate limit. One approach is to adjust 
the actual polling interval as a function of the distance of the station 
being polled. The required timing information could be stored in the 
computer which is presumably located at the head end. This method 
expands the memor; requirements at the head end and also complicates 
any schemes which time share polling with other functions on a single 
downstream cable. 

A second approach would be to introduce in each subscriber station 
a compensating delay between the time it detects a pole and the time it 
starts to respond. Stations located near the head end of the cable 
would be adjusted for a 1 50 ps delay, while the most remote stations 
would have no delay. If delays were correctly chosen, responses would 
always be detected at the head end 150 ps fallowing polling, and the maxi- 
mum data rate could be achieved with a constant-frequency, overlapped 
polling technique. While this method can conceptually be used with no 
local storage, the minimum practical storage is determined by in- 
accuracies in the compensating delay. If it is assumed that the delay 
time can be controlled to within 10 ps (certainly realistic for simple one- 
shot type circuits), the actual bit rate becomes 99 % of the asymptotic 

)j{ 

value with 100 bits of local storage. 

Once the dead-time overhead has been minimized, further increases 
in capacity are possible only by limiting the number of users who may 
simultaneously use the system to some fraction of the total number of 
subscribers. Assume a system which limits the number of simultaneous 
users to 1,000. Such a system might be organized as follows. A basic 
time period which allows time for 1, 000 equal-length responses is se- 
lected. (This time is determined by allowable dead-time overhead and 
delay time uncertainties as desc bed earlier.) If the system is free 



Some people have proposed a cable configuration which would achieve 
much this same effect. This would be to send responses downstream 
to the farthest end of the cable where they would be returned to the 
head-end on a separate upstream cable. Signal splitting at the 
feeder/trunk nodes would be quite complicated, however. 
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of all users, all subscribers are sequentially polled to determine if 
they wish to get on the system. A complete polling sequence requires 
10 basic time periods to poll all 10, 00C stations. When station A in- 
dicates that it wants regular service, it will be assigned the first 
response time of each interval, thus assuring uniformly staggered 
response intervals and an asymptotic bit rate of l, 000 bits per second 
to station A. Other stations are polled sequentially during the remain- 
ing 999 segments of each basic interval, so that slightly more than 10 inter- 
vals are required to poll all out-of-service stations. As more stations 
join the system, they arc assigned definite response intervals, and the 
average rale of polling out-of-service stations decreases. Thus the 
frequency at which an out-of-service station is polled indicates the 
degree of loading on the system. When the system is accommodating 
1, 000 users, it indicates its busy status by never polling out-of -service 
stations. Stations which cease responding will be returned to out-of- 
service statue to prevent their blocking the system. 

Many alternative strategies exist. For example, active stations 
could receive either more frequent or longer intervals for data trans- 
mission when the system is lightly loaded. The disadvantage is that a 
more sophisticated subscriber station is requireo to take advantage of 
the variable data rate available to it. With the system approach described 
above, users are assured a known data rate, v .th uniformly timed inter- 
vals for data transmission, whenever they na rj access to the upstream 
cable. If higher upstream data rates are required at any location, multiple 
stations can be employed. 

2. Vikoa incorporated 

The system developed by Vikoa appears to have been designed 
specifically for monitoring the channel being viewed by the subscriber. 

The system is very slow in comparison to others, requiring 116 mili- 
seconds to poll a single subscriber-response unit for a 5-bit binary 
number providing for up to 32 different responses. The basic system 
incorporates a two-level addressing scheme, with 30 groups of 30 
subscribers each, or 900 subscribers per outbound command channel. 

More subscribers can be serviced by frequency multiplexing additional 
independent command channels. The polling process takes place as 
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follows: the command channel transmits two five-bit characters, using 
five-frequency tone modulation, to identify the sub-group and subscriber- 
the next 5 bit times (83. 5 ms) are allocated to the response data from 
the transponder within the subscriber home. This response is trans- 
mitted serially using frequency shift keying (FSK) at 60 bits per second. 

This system can also be expanded to include alarm monitoring 
systems and error detection monitors for the cable plant itself. It 
would be possible to add several bits to the transponder response se- 
quence and theteby interrogate a small set of push buttons on the sub- 
scriber unit. At the six-pet -second poll rate, however, 1.9 minutes 
would be required to read the response from all 900 subscribers. This 
appears to be the limit of the capabilities of the system, and expansion 
to higher data rates is not possible within this framework. The expected 
cost of the subscriber unit is $30.00. 

Electr onic Industrial Engineering. Inc. 

The EIE system has been designed for limited two-way digital 
communication with as many as 30, 000 subscribers, and differs from 
the other systems described in this section in that the control unit and 
digital encoder are located at the cable tap — not in the subscriber's 
home. A dual drop is used: one for video program distribution and one 
for digital signals. Since the unit is designed for use with either con- 
verter systems or dual-cable VHF-only plants, it does not include a 
converter. Currently configured systems include a four-button opinion 
polling device and a set monitor, but this system can be expanded to 
include meter reading, cable telemetry, alarm systems and general- 
purpose keyboards. 

The system is designed to use a downstream control channel in 
the FM band (88-108 MHz) and a return channel at 2 MHz. Each poll 
consists of a 15-bit subscriber address and a 15-bit command. The 
response is 128 bits of data which includes the 15-bit subscriber ad- 
dress as an identification. All data transfers are performed on a 



£I£ feels that this setup provides fo 
maintain return-channel security. 
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time •division-multiplex basis which allows 30,000 subscribers to be 
polled in 22 seconds. Current costs for the subscriber unit are $1, 000 
per subscriber, but projected costs range from $150 to $200 per sub- 
scriber when mass produced, 

4. Vicom Industries. Inc. 

The most extensive two-way system concept of those discussed 
here is that being tested and demonstrated by Vicom* The Vicom system 
is intended to be a complete interactive digital system and has provisions 
for channel-usage control, data transmission and on-line interaction with 
the viewing audience (including both keyboard and audio response); all 
controlled by a computer located at the head-ond. Two channels are re- 
quired to operate the system: the outbound command and control channel 
operates at a one-megabit rate and transmits 20-hit words at 40, 000 
words per second to the subscriber terminals. These words are inter- 
preted as either data for a terminal, commands to a terminal, or the 
polling of a termim.l for a response. In anv case, the terminal is expected 
to respond to every poll with its addre and a single data character, and 
return response is at the same one-megabit rate* 

The home terminal provides (1) basic keyboard entry via 12 mo- 
mentary contact keys, (2) a microphone for audio responses, (3) a later 
model will have storage for up to 16 alphanumeric characters to be dis- 
played on tie TV-set screen, and (4) a 25-channel converter that may be 
enable d/diuubl-d under head-end control. Provision is also 

made for attaching a variety of peripheral devices to the terminal as 
demanded by the application. These peripherals consist of: 



Details of the Vicom system were obtained in a visit to their plant in 
Dexter, Michigan, byJ.E. Ward andR.G. Rausch on February 25, 

1971. We were most cordially welcomed by Mr. Haro'd W. Katz, 
President, and all features to be described were demonstrated to us 
by means of a five-subscriber hookup within the plant. The comouttr 
in use was a DEC PDP-8 (about $10, 000 plus a special communica- 
tions interlace), but a system using a slightly larger computer was 
! *V :nstrxul ‘ on * They estimated computer capital cost at about 
$5 to $15 per subscriber, depending on the type of data service 
rendered, based on 4, 000 subscribers. Present cost of the home ter- * 
minal with capabilities as described here is $265, with a projected 
cost in large-scale production of about $135. 



•Since this was written. Telecable, Inc. (a Norfolk, V a . -based MSO) 
has announced a test of the Vicom terminal in Overland :“>ark Kansai 
with two-way cable facilities produced by E1E. The tests involve 
home instruction for disabled children, and homo shopping demonstra- 

tions m cooperation with Soars Roebuck. ° lra 
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(1) Video cameras 

(2) Full-s creen alphanumeric generators 

(3) Hard-copy printers 

(4) Full keyboard typewriters. 

A key feature of the Vicom system is the head-end control of 
wno may view any channel. This is accomplished by automatically 
disabling the converter whenever its channel selector is moved and 
tending the number of the newly selected channel to the head-end as 
a response to the next poll. The converter can only be re-enabled by 
receipt of an enable command from the head-end computer. This is 
designed for ready implementation of pay-TV and also for controlled- 
group conferences, as described in the preceding section. The sys- 
tem permits transfer of access-control over a given channel to any 
subscriber, for instance, the chairman of a conference connection. 

1 his control includes the enabling and disabling of the microphones of 
other subscribers on an individual basis. Thus a person may irdicate 
his desire to spea* by pushing a button, but can do so only after the 
proper triable command is transmitted to his terminal by whoever has 
control. This control over audio signals is important because the 
audio channels are handled on a party-line basis. 

In order to control the data flow tor the programming associated 
with this equipment, a pair of channels is allocated for the command and 
response functions. The downstream channel is presently located in the 
108-114 MHz band, and the upstream channel is 6-10 MHz. All of the 
data transmission is on a time-division-multiplex (TDM) basis, and a 
word consists of cQ one-microsecond bits. Each terminal is addressed 
at a rate which depends upon the particular application requested by the 
subscriber, and is controlled by the head-end computer. The rate varies 
from the ord^r of once per second to five per second for routine polling, 
and for full-screen display modes, up to 5.000 words per second can be 
transmitted to a single subscriber (this can be extended to 30,000 words 
per second if required). 

In general, the Vicom system seems to provide a wide range of sub- 
scriber interaction and to have a great potential for data transmission 
both to and from the subscriber. Currently the system is designed for 
single-cable use and provides 25 forward video channels, 3 reverse 
video channels, 3 reverse audio channels, and 1 forward and 1 reverse 
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digital channel. This implies that no more than three party line con- 
versations can take place at a time. Vicom stated however that their 
system could be used with any cable configuration, including the Redif- 
fusmn switched system, and channel mix is flexible. The number of 
party-line interactions is not limited to three by the terminal design. 

For the purpose of illustrating the potentials for such a system 
as that configured by Vicom, consider the following system: 4, 000 
subscribers and a cable plant which yields a worst-case distance from 
head-end to subscribers of 5 miles, or a round-trip cable delay of 

7 5 ns. Command and data could be formatted in 20-bit characters 
as follows: 



Command (1) 
Data (2) 



1 Bit 12 Bits 7 

A / 


Bits 


I 


Address 


Command 






L°_ 


Modifier 


data 


data 





3 -bits 8-bits 8- bits 



format (1) above can be used to transmit commands to the sub- 
set >er terminal such as: enable channel, set inbound channel A, 
enable voice, prepare to transmit/receive data. etc. Format (2) above 
can be used to transmit data to a previously addressed terminal. As- 
suming that asynchronous communications conventions would be used 
the total number of bits transmitted per word would be 23; 1 start bit, 

20 data bits, and 2 st^p bits. With asynchronous conventions, the 
time between characters is only restricted to being not less than 2 bit 

times but may be longer to account for cable delays or longer terminal 
responses. 

For the remaining computations we will assume that the home 
terminals have a built-in delay mechanism such that cable delays may 
be ignored (except for a 10 ps accuracy limit) and polls sent continuously 
Then the transmission of a single poll command would require 23 bit 
times plus 10 p,. or a total of 33 ps for a 1-megabit transmission speed. 
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Vicom considers the details of its message coding proprietary: 
is our estimate of how it might be organized. * F p Y ' 






As described in paragraph 1 above. 
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The resultant poll rate is 30 onci n 

>° P«vid. , 7 . 5 character p„ ** Wh ‘ Ch C °“ W b « «••<! 

scribers. If we assume tha, the ha a ‘ *° a “ 4 ' 000 *" b - 

*» «• P« -o„d ^7.^ " " " ^ 
Seconds if his set is off th« „„ a i, n d nce ‘‘‘ Ver y five 

subscrifcers/second with an exc P ° U rate Would be 4 , 000 

» b ioh could h. aiiocatid :r:i y ° r **• *• p °" a p« 

data entry and retrieval vi^lrf- * 618 ° n & demand basis for 

actera per aooond. * “‘““S “ UU ‘"' a ' a - 50 , 000 char. 

lowed fir V.^ “‘.hl't ll!"’ " ' ha ’ CaM ° d ° lays ">“■> he al- 

befora .e„d,„ e „.w tulT'," a ‘ WayS Wa “ a -P°- 

subscriber: 23 a 75 . POU mU> ' ba ,b *« '»r 'he most, 

rate of 10,000 polls per second' bt & ' • ^ effective P°U 

“ per 8ec °nd, subtracting 4 000 „„iio 

«te we get an excess capability of 6 000 ,i 88 h ® minimum 

cated on demand. Ordering of th i, P ° 8 per 8econd to be alio- 
distance of each subscriber • P ° SCquenCe on the basis of the 
•-’hat Vicom plans to do, but the" * nd is 

the problems of cable delays should be obvious. 4 °‘ 

5 . Priva cy Issues on the 

Privacy of communications is a subject that i., 

receiving more attention. Most terb H * recently been 

ost techniques for dicntAi 

on a cable involve a greater potential for ea „ com ™nications 

the telephone system. This is becau ** r ° PP1 ° g than vxists with 

pi Ping aii communicat r ems ^ 

each subscriber where his ter ° 1TU ° ^ P ren,,SC! * of 

intended for him. This mcl Th ^ "*•—«« 

inis means that any subs~r>K*.>* , . 

other messages by adapting his terminal or replacing 7 ^ 

one designed for eavesdropping ln a cahl .. , 8 W * th ano,ht ' r 

described above, someooe “ “~ 

:* r*- » — * zzzzr 

bimi is tame -division multiplexed [Tnui 

P C (TDM) arTlon fi all the users. 
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It is not enough however, to say that a cable digital system pro- 
vides less security than the telephone system. The telephone system 
does not provide complete security. Wiretapping is not unduly com- 
plicated for someone who really wants to. The relevant question is 
whether there are a substantial number of people who would undertake 
the effort needed to eavesdrop on a cable system but not a telephone 
system, for obtaining useful information from listening to a TDM digital 
channel is non-trivial. One has to decode the addiessing or timing 
procedure and other signal protocols. While not overly difficult it does 
require a serious commitment of time and effort to understand what one 
is intercepting. There is however, one fundamental difference between 
the telephone system and a cable digital syste n. Any eavesdropping on 
the telephone system must involve connection somewhere of a physical 
device which can be detected and found if one is willing to devote enough 
time and effort to the project. Any subscriber to a cable system does 
not need a special physical device or connection to listen to his neighbors 
messages — only modification of the legally connected device he already 
has and even if a special connection were used, it would be much more 
difficult to detect its presence electrically because of the party-line con- 
figuration. For those cases in which security of a cable system is im- 
portant, the digital nature of the messages makes it easy to add cryptographic 
devices to the system, in fact, this has already been provided for in the 
Vicom system. 

The above remarks of course pertain to a tree -structured cable net- 
work. If a hub-type network is employed with space switching, privacy 
problems are little different than in the telephone system. 
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APPENDIX A 

INTER- CHANNEL INTERFERENCE AND THE 
CABLE-FREQUENCY ALLOCATION PROBLEM 

1 • Introduction 

The CATV industry, in its effort to break out of the traditional 
pattern of 12 channels (or less) per cable, has only recently begun to 
make use of channel frequencies that are different from the standard 
VHF-TV channels for which all TV receivers are designed. The 
initial move in this direction was to take advantage of 66 MHz of un- 
used bandwidth that was already being carried in all cable systems — 
that between the upper edge of the FM band (108 MHz) and the lower 
edge of Channel 7 (174 MHz). By general industry acceptance (but 
not specific standardization), a "mid-band M has been defined from 
120 - 174 MHz, divided into 9 channels designated A through H 
(the 108 - 120 MHz region is apparently avoided because of possible 
interference effects of cable leakage on aeronautical radio and navi- 
gation service*;, although these services actually extend to 136 MHz), 
Use of these mid-band frequencies, which requires a special channel 
converter device at each subscriber TV location, permits 21 -channel 
capacity (12 VHF plus 9 mid-band), and a few cable systems now 
offer such service. 1 ^ 

Once startecVon this tack, it was natural to define a “super- 
band ’ starting at 2 16 -MHz {the upper edge of Channel 13), witn the 
upper limit of this essentially open-ended. Many of the newer cable 
systems are engineered to carry frequencies up to 240 MHz, permit- 
ting four super-band channels (I through L) and 25-channel t^tal capac- 
ity (with appropriate converters). With 300-MHz cable technology now 



A variety of conversion schemes have been developed fo. mid -band. 
Some are simple block-con\ erte rs which transpose the mid-br.nd to 
L HF o^r to high -band VHF for selection by the respective tuner 3 of 
the TV receiver. Others are complete 2i-channel tuners (more u 
super-band is included) which perform the channel selection and 
convert to an unused VHF channel, to which the TV receiver is ieft 
tuned. (See Section D # Chapter III), 

A- 1 
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becoming available , the super •band can be extended to provide nine 
additional channels M through U, or a total of 35 channels per cable 
(with mid-band as presently defined). Similarly, a "sub-band” has 
been defined in the? region below 50 MHz, with the general consensus 
that this band will be used for upstream channels (signals moving 
from the subscribers toward the head end). Some proposals are for 
four upstream channels between 6 and 30 MHz, but no general agree- 
ment has been reached as yet on channel assignments or usage, and 
the first upstream experiments are barely under way. 

Unfortunately j adding these extra channels on a cable can and 
does raise problems of inter -channel interference that do not arise with 
use of only VHF Channels Z through 13 (either broadcast or on the 
cable), largely because the frequencies for these VHF channels were 
chosen by the FCC partly on the basis of avoiding such problems. 

The intent of this discourse is not to say that these inter-channel inter- 
ference problems are unsurmountable in augmented -channel cable 
systems, but to clearly define them, explain how they come about, 
and point out the precautions i:hat must be taken in the design of sub- 
scriber equipment (converters or special cable receivers) and in the 
final agreement on cable-channel frequencies. 

Since most of the interference questions revolve around the 
basic U. S. 6-MHz television channe* standard and the carrier fre- 
quencies assigned within it, this subject is taken up first in Section 
2, followed by a brief background in Section 3 on the historical devel- 
opment of the VHF allocations. The inter-channel interference effects 
are then discussed in detail in Section 4, including examples of their 
impact on the rules adopted by the FCC fox geographic separations of 
channel assignments in VHF and UHF television broadcasting. 

Cable systems are also subject to two other interfei'ence prob- 
lems not found in TV broadcasting: the leakage of strong, local TV 
station signals into the cable qv receivers to interfere with cable 
signals (a real problem in present cable systems), and the leakage 
(radiation) of signals out of the cable to interfere with other radio 
frequency services (a potential problem in the use of non-VHF-TV 
channels). These problems are discussed in Section 5. 
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Finally, Section 6 discusses the intensive indust ry/government 
debate just getting under way on frequency allocations for broadband 
cable systems. 

2* The 6-MHz Television Channel 

The origins of 6-MHz channel bandwidth standard for U. S, TV 
are rather interesting. In the early 1930* s, the first experimental 
television systems used the same double-sideband amplitude modula- 
tion technique that is still used in AM radio. The highest picture 
frequency component then transmitted was 2.5 MHz, and the picture 
signal thus required a 5-MHz channel, with the picture carrier in the 
center. To provide space for the sound signal, an extra 1-MHz was 
tacked onto the high side of this picture channel to create a total 
6-MHz channel, with the FM sound carrier 0.25 MHz below the upper 
band edge (as it is now). 

In the late 1 930*8, vestigal-sideband modulation techniques were 
perfected which permitted an increase in picture component frequencies 
(and thus in picture resolution) without increasing the 6-MHz channel 
bandwidth. With the change to vestigal-sideband modulation, all but 
0.75 MHz of the lower picture sideband was eliminated and it became 
possible to move the picture carrier down to 1. 25 MHz above the lower 
band edge (as it is now) and use modulation frequencies up to 4 MHz in 
the upper sideband. This of course obsoleted all existing receivers, 
but only a handful had yet been produced (television broadcasting was 
still largely experimental). Although these revised standards in 1939- 
40 were for monochrome transmission at only 441 lines per frame/ 1 
the 6-MHz channel and the sound and picture carrier assignments 
within it have survived both the later increase to a 525-line standard 
in the 1940's (again obsoleting prior receivers) and the addition of com- 
patible color transmission in 1953. 



’’Principles of Television Engineering," 
1940. 



D. G. Fink, McGraw-Hill, 
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In regard to cc lor, the majority technical opinion up to the late 
1940 s and early 195n's was that either a wider channel {perhaps 12 MHz) 
or a slower picture frame rate would have to be adopted in order to 
transmit each picture frame as three separate, field -sequential red, 
blue, and green images, as wa* then thought to be required for recon- 
struction of a color picture at the television receiver. Indeed, the 
quite controversial color television standard initially adopted by the 
FCC in September, l‘»50, was a field -sequential"color-wheel" system 
with scanning standards quite different from those in use for mono- 
chrome receivers the.i in the hands of the public. The subsequent 
intensive industry/ government effort which found that it was possible 
to develop and standardise by December. 1953, a new method of color 
transmission that fitted the 6-MHz bandwidth and was compatible with 
the existing monochrome standards was a major engineering feat and 
finally got color TV off the ground. This dot-sequential system re- 
tains ;he standard monochrome picture modulation as a brightness 
signal (for either monochrome or color sets), and inserts a third 
carrier at 3. 5795 MHz above the picture carrier to carry all color- 
related information needed by color receivers, but which can be 
ignored by monochrome receivers. The only change made in the pre- 
vious monochrome standards was a 30-50 percent reduction in ampli- 
tude of the sound signal relative to the picture signals so as to reduce 
the possibility of any interference of the sound signal with the color 
carrier (the sound carrier and the new color carrier are only separated 

by 0. 93 MHz in frequency). The final transmission standard which *, in 
use today is shown in Fig, A-l. 

The gist of the above is that in the period 1937-1953, three major 
modifications were made in U. S. television transmission techniques to 
raise picture quality and add color, and by improved know-how and 
clever engineering, each of these modifications was accomplished with- 
out changing the basic 6-MHz channel bandwidth that had been chosen in 

the early 1930's for quite different transmission techniques. That is 

not to say, however, that all aspects of the present U. S. television 
standards are necessarily what one would now choose if it were ever 
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System i 


i No. of 
Line? 


Ch. width 
MHz 


1 

Vision 

bandwidth 

MHz 


Vi sion/sound 

separation 

MHz 


Vestigial 

sideband 

MHz 


Vision 

modula- 

tion 


Sound 

modula- 

tion 


i A 


405 


5 


3 


-3.5 


0.75 


Pos. 


AM 


B 


625 


7 


5 


+5.5 


0.75 


Neg. 


FM 


C 


625 


7 


5 


+5.5 


0.75 


Pos. 


AM 


D 


625 


8 


6 


+6.5 


0.75 


Neg. 


FM 


E 


819 


14 


10 


1 11-15 


2 


Pos. 


AM 


f 


819 


7 


5 


+5.5 


0.75 


Pos. 


AM 


G 


625 


8 


5 


+5.5 


0.75 


Neg. 


FM 


H 


625 


8 


5 


+5.5 


1.25 


Neg. 


FM 


1 


625 


8 


5.5 


+6 


1.25 


Neg. 


FM 


K 


o25 


8 


6 


+6.5 


0.75 


Neg. 


FM 


L 


625 


8 


6 


+6.5 


1.25 


Pos. 


AM 


M 


525 


6 


4.2 


+4.5 


0.75 


Neg. 


FM 


N 

U 


625 ; 6 


4 ' 2 i 


+4.5 


0.75 


Neg. j 


FM 

t 



Notes: 1. F 



System M, 60 cycles per second, all other systems 



neid frequency: i>ysti 
50 cycles per second. 

2. Picture frequency: Svstem M, 30 cycles per second, all other systems 
25 cycles per second. 

\ Line frequency: System A, 10.125 kHz, systems E and F, 20.475 kHz, 
system M, 15.75 kHz, all other systems, 15.625 kHz. 

4. U.S. standard is system M. 

5. From C/.M.R. Report 308, Xth Plenary Assembly, Geneva, 1963. 

Fig. A-2 Characteristics of Television Systems in Use Throughout "he World 



O 

ERIC 



54 



A-6 



possible to make a change. Three-quarters of the countries in the 
world have opted for better picture resolution by adopting higher line 
counts (625 or 819 lines), higher picture frequencies (5 or 6 MHz) 
and wider channels (7 or 8 MHz), although the one-quarter of the 
countries using U. S. standards account for over half the world's 
TV sets (132 million out of the total 254 million).* 

Figure A-2 shows the characteristics of the television systems 
in use throughout the world. System M, the U. S. 525-line, 6-MHz 
standard is used in most of the Western Hemisphere, and in Japan, 
the Philippines, Okinawa, Korea, Taiwan, Cambodia, and Vietnam. 
Three countries (Bolivia, Jamaica, and the Barbados) use 625 lines 
in a 6-MHz channel bandwidth by using 25 instead of 30 picture frames 
per second (System N), which increases vertical but not horizontal 
resolution (maximum picture frequency is still 4 MHz). The 405-line, 
5-MHz standard (System A) is used only in Hong Kong (a closed -circuit 
system) and in parts of Ireland and the U.K. The 14-MHz System E is 
quite wasteful of spectrum space and is used in only three countries 
(France, Algeria, and Monaco), but France and Algeria also use Sys- 
tems E and B respectively tor at least half their stations. Most other 
countries in Europe, Asia, and Africa use Systems B, D, or G. 

3. The VHF Channel Allocations 

In the original allocation of transmission irequencies for tele- 
vision in 1937, the FCC adopted the standard 6-MHz channel width and 
set aside 19 television channels as shown in Table A -I, although only 
the eight lowest were considered technically feasible within the radio 
art of the day.** Three years later, an FCC i*evision reallocated the 
44-50 MHz channel to FM broadcasting and *dded 60-66 MHz as a tele- 
vision channel (FM was to be later mo~'ed to 88-108 MH Although 
these 1940-vintage channels were allocated in pairs, separated mostly 
by 6- or 12 -MHz frequency gaps assigned to other services (government. 



Derived from data in 1970-1971 Television Factbook No. 40. 
D. G. Fink, Ibid. 
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Table A-I 

1937-1940 Television Channel Allocations 



Present 



MHz 


VHF or 
Cable Channel 






Notes 


44-50 

50-56 






} 


Reassigned to FM June 1940 


(60-66) 


3 






Added in June* 1940 


66-72 


4 








78-84 

84-90 




4 




88-108 is present 


94-102 

102-108 




4 


r 


FM broadcast band 


156-162 


(G) 


\ 


t 


Present mid -band 


162-168 


(H) 




f 


cable usage 


180-186 


8 








186-192 


9 








204-210 


12 








210-216 


13 








234-240 


(M) 






Present super-band 


240-246 


(N) 




> 


cable usage 


238-264 


(P) 








264-270 


■ (Q) 








282-288 


(T) 








288-294 


(U) 


4 
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amateur, police, etc.), the basic pattern of the present VHF channel 
allocations was beginning to emerge, and six of the channel allocations 
(the present Channels 3 f 4, 8, 9, 12, and 13) are still the same. It is 
also interesting to note that most of these 1937 frequency allocations 
that did not become part of the final post-wax* VHF-TV allocations are 
identical with presently accepted mid- and super-band (letter) channels 
for CATV (156-168 MHz, and those above 234 MHz). 

The FCC again revised the frequency allocation charts in the 
mid-1 940‘s to create the present lineup of VHF television Channels 2 * 

13 (see Table A -II), at the same time moving the FM broadcast band 
from 44-50 to 88-108 MHz. One of the factors in these final frequency 
shufflings was a desire to choose the television channel frequencies so 
as to avoid as much as possible four types of potential interference in 
home receivers (other than adjacent-channel) that can be caused by 
particular relationships among channel transmission frequencies: 
interference from local oscillator radiation (leakage) by neighboring 
TV receivers, image interference, intermodulation interference, and 
IF beat*. These interference effects which are described in Section 4 
below, were almost completely eliminated in the VHF allocations be- 
cause of the way th»* channels are grouped into two isolated blocks of 
6 and 7 channels each, separated by a large frequency band (86 MHz» 
equivalent to over 14 channels). Note that except for Channels 5 and 
6, the VHF channel boundaries are all integer multiples of 6 MHz, the 
channel bandwidth (Channel 5 is offset from Channel 4 by an intervening 
4-MHz band assigned to radio services). As will be explained in Section 
6, a uniform integer-multiple pattern is highly desirable in multi-channel 
systems, and the present FCC frequency assignments for Channels 5 
and 6 represent a problem in broadband cable TV. 

4 , Inter-Channel Interference Problem s 

This section discusses four types of interchannel interference that 
can be directly created within the circuits of a television receiver as a 
result of its operation in an environment of TV signals on channels other 
than the one to which it is tuned— adjacent channel interference, image 
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Table A. 11 

Present VHF Television Channel Allocations 



VHF 
Channel 
o umber 


F requency 
Band 


Picture 

Carrier 


Receiver 

Local 

Oscillator 


Receiver 

Image 

Band 


Channel 
in Image 
Band 

(Beat f req* ) 




l 

i 


54-60 


55.25 


■ 101 


148-142 






3 


60-66 


61.25 


107 


154-148 




/ v 


4 


do -72 


67.25 


113 


160-154 




1 


5 


76-82 


77.25 


123 


170-164 




1 

1 


6 


82-88 


83.25 


129 


176-170 


7(-5) 














V 


7 


174-180 


175.25 


221 


268-262 






8 


180-136 


181.25 


227 


274-268 






9 


186-192 


187.25 


233 


280-274 






10 


192-198 


. 193.25 


239 


286-280 






11 


198-204 


199.25 


245 


292-286 






12 


204-210 


205.25 


251 


298-292 




F 


13 


210-216 


211.25 


257 


304-298 







Note. All frequencies in MHsi 



O 




58 



I 

' \j 



A-10 

interference, intermodulation interference, and "IF" beats — and one 
that can bo indirectly created by local oscillator radiation ^rom neinh . 
boring TV receivers. All of these are related both to the particular 
frequency relationships among the TV channels and the receiver inter- 
mediate (IF) frequency, and to the quality of receiver design (shielding, 
iltermg, etc). Except for the adjacent-channel problem, these have 
not been of much concern in VHF television rece >tion because of the 
particular choice of channel frequencies, but they are all of concern in 
augmented -channel cable systems using mid- and super-band channels, 
as will be discussed in Subsections (a) through (e) below. They also 
have all been taken into account by the FCC in its rather stringent rules 
or geographic isolation of UHF-TV channei assignments, and as will be 
illustrated in an interesting example given in Subsection (f), have led to 
rather inefficient use of the UHF spectrum. 

a. Adja cent-Channel Interference 

As has been discussed in S^tion 2, the transmitted television 
signal contains three separate pieces of information (picture, color, 
and sound) modulated onto three different carriers within the 6 -MHz 
channel (see Fig, A-l), and the receiver must sort these out as 
cleanly as possible by means of appropriate filters. well as reject 
all spurious out-of-band signals. 

Filter technology is such that it is difficult to achieve sharp, 
distortion-free boundaries between an accepted and a rejected band 
of frequencies, particularly if one is trying to hold circuitry costs to 
a minimum as in the majority of home TV receivers. Thus in order 
to satisfactorily pass the desired bend of picture frequencies, most 
TV receivers accept some transmission of frequencies beyond the 
edges of this band. Note however that for any particular channel 
within a contiguous group of channels, the sound carrier frequency 
for the next lower channel is only 1.5 MHz below the picture carrier 
of the desired channel, and the picture carrier of the next higher chan- 
nel is only 1.5 MHz above the sound carrier of the desired channel, 
both rather close so far as band-pass filtering technology goes. 
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However, since these adjacent carriers are discrete interference 
sources and their exact relative frequencies are known, additional, 
narrow -band rejection filters called "trapr" are used in most (but 
not all! TV sets to improve adjacent-channel interference rejection. 

Figure A-3 shows typical picture IF response curves measured 
for several monochrome and color receivers.''’ Note that color set 
"A- includes strong frequency traps for the lower-adjacent and the 
in -channel sound carriers, and for the upper-adjacent picture carrier 
Color set "3” also has traps but has substantially (28 dB) less protec. 
t:on against the in-channel sound and the upper-adjacent picture carriei 
and 10 dB less against the lower adjacent sound carrier (note also that 
the monochrome sets, which don't need to protect the 3.5795-MHz cole 
career, don't bother with traps for the in-channel sound carrier). Th< 
point here is that adjacent-channel rejection characteristics vary widel 
from set to set, not only as originally manufactured, but perhaps even 
more so as circuitry ages and gets out of adjustment (i. e . . trap filters 

may shift in frequency). Rejection characteristics also vary as a funo 
tion of signal levels. 

Recognizing the difficulty of designing receivers to properly cope 
u..th strong adjacent-channel signals over their useful life, the FCC 

llowed a strict policy of never assigning adjacent channels to TV 
transmitters separated by leas than 60 miles at VHF, or 55 miles a t 
UHF. Of course many receivers are located such that they are able 
to pick up stations on adjacent channels, but because of the above sep- 
aration rule, one of the signals will usually be weaker than the other 
and not interfere with the stronger one. When objectionable interfer- 
ence is encountered (perhaps in trying to view a distant station). man, 
set owners are able to use a directional antenna to strengthen the 
desired signal relative to a stronger undesired one. 

In CATV, adjacent -channel transmission is the norm and cable 
systems must thus be carefully engineered and maintained both to keep 



tioMNCTAr'T^FC^n^tT °^ N ' ational Cal >le Television Associa 
ti°n t^JA) on FCc Docket No. 18894, January 6, 1971. 
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all signal levels balanced with respect to one another and at an optimum 
overall level at each subscriber's tap. The sound carriers have given 
particular trouble, an d most cable systems have had to keep them at 
tower levels relative to the picture carriers than prescribed by the FCC 
for broadcast-TV, leading to marginal sound on some receivers. Where 
individual receivers ,ive trouble, they may require special adjustment 
or even modification or replacement. (See footnote on page 3-4. ) 



Oscillator Radiation 

The oscillator interference problem is as follows. Each IV re- 
ceiver acts like a lit.le transmitter, radiating a small amount of power 
from its local oscillator at a frequency which depends on the channel to 
which the receiver is tuned. This radiation can escape either back 
through its antenna (or into the CATV cable), into the a-c power line, 
or directly from the receiver chassis. If the oscillator frequency for 
one channel falls within the frequency limits of another higher channel, 
and two neighboring TV receivers are respectively tuned to these par- 
ticular channels, the oscillator radiation from the receiver tuned to the 
lower channel might be strong enough to be picked up as a spurious 
signal at the neighboring receiver and interfere with its reception of 
the higher channel. The first four columns of Table A-H (page A -9) 
show the 12 VHF channels, their transmitted picture carriers ard the frequ^i- 
cies to which a receiver local oscillator must be tuned to receive each 
ch/.nnel.* Note that none of the local oscillator frequencies for Channels 
^ - 13 fall within the transmission band of any other channel and thus no 
particviiar safeguards were necessary either in geographic assignments 

stations or in stringent limits on oscillator leakage from VHF 
receivers. The only possible oscillator problem in the VHF allocations 
is that the second harmonics of the oscillator frequencies for Channels 2 



for picture sfgna?s is S sT = V ( am P lifior Pass-band 

tuned 45.75 M Ha above « Z ‘ and the n '* cilla t°r is always 

pass-band was 8 5 to 5 MR P j C * Ure Ca . r , ri « r - Pre-war, the IF 

above the de*i4d picture carrier *"1,^ osclllat °r tuned 12.75 MHz 
of 21.5-26.5 MH" was standard f«‘ P st T w , ar ' IF frequency pass-band 
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and 3 fall within the bands of Channels 11 and 13* respectively* but 
second- and third -harmonic radiation is generally 10-20 dB weaker 
than the direct oscillator radiation in any given receiver* 

Although oscillator radiation interference is not a problem within 
the 12 VHF channels because of the way in which the channels are allo- 
cated) it is a problem in both UKF-TV and in cable systems using mid- 
and super -band channels* As will be discussed later* many oscillator/ 
channel overlaps occur in both these cases and means must be taken to 
keep oscillator Interference below troublesome levels* 

c. Imagq Interference 

Image interference in any superheterodyne radio or TV receiver 
i® caused by the fact that the mixing of the local oscillator signal with 
incoming radio -frequency signals to convert the desired signals to the 
IF frequency band for amplification can also create a number of other 
sum and difference frequencies. As noted above* the television stand- 
ard is that de sired frequencies are lower than the receiver oscillator 
frequency) and the IF amplifier accepts the frequency band equal to 
the oscillator frequency minus the frequency limits of the desired chan- 
nel. However, the mixer also creates the same band of difference 
frequencies if any incoming signals present at its input are the same 
amount higher than the oscillate r frequency, thus the term '’image 11 * 

Good receiver design dictates that the input radio frequency circuits 
(part of the channel tuner) discriminate against image reception by 
passing only the desired channel frequencies and rejecting all others* 
thus preventing any significant input signal energy in the image fre- 
quency band from ever reaching the heterodyne mixer. The extent to 
which this gcal is achieved in a particular receiver (or CATV converter) 
design is called its 11 image rejection ratio 11 . 

The fifth column in Table A-II (pageA-9) shows the receiver image 
band for each VHF channel. Note that the channel frequency relationships 
are inverted in image reception, and that to receive a correct picture on 
an image frequency the picture carrier would have to be 1* 25 MHz below 
the upper image band edge, with the picture modulation band extending 
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downwards. Thus the image frequency range for objectionable inter- 
ference beats for any channel is from perhaps 0,75 to 2,75 MHz below 
the upper edge of its image band. Only one potential image problem 
exists in the VHF-TV allocations Channel 7 partially overlaps the 
image band for Channel 6, In this case, however, the Channel 7 picture 
carrier is 0,5 MHz above the image frequency of the Channel 6 picture 
carrier, thus any signal energy resulting from image reception of 
Channel 7 when viewing Channel 6 will appear in the lower sideband of 
the true Channel 6 signal and be attenuated at least 10 dB in the IF 
amplifier (see Fig. A-3). This is called a '’negative 11 beat and should 
cause no trouble, except in receivers with very poor image rejection 
characteristics, but even so, the FCC has apparently tended to avoid 
allocation of both Channels 6 and 7 in the same market (there are cur- 
rently only four cases of 6 - 7 broadcast co-allocation: Denver, Miami 
Omaha, and Spokane). Channels 6 and 7 have been routinely carried 
side-by-side in traditional 12-channel cable systems , however, appar- • 
ently with little or no trouble. The inference here is that most TV 
receivers have image rejection characteristics that are satisfactory, 
at least in regard to this particular ’’negative” image beat between 
Channels 6 and 7. However, “positive” in-band image beats can occur 
when mid- and super-band channels are added, and the channel converters 
for such augmented cable systems must be designed to cope with them. 

The above discussion has considered only image interference from 
picture carriers. Each TV signal also carries significant energy in its 
sound carrier located 4,5 MHz above the picture carrier. With a:: oscil- 
lator offset of 45.75 MHz, image interference from a sound carrier affects 
the next higher channel than the one affected by its associated picture car- 
rier, For example, the picture and sound carriers for mid-band cable 
Channel E (144 .150 MHz) are at 145,25 and 149.75 MHz respectively. 

The following shows the spurious IF signals which these can create in 
image reception: 
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Receiver Tuned 
to Channel 



IF Signal from 
Oscillator Channel E 

Frequency Picture Carrier 



IF Signal from 
Channel E 
Sound Carrier 



2 

3 



101 

107 



44.25 

38.25 



48.75 

42.75 



Since the receiver IF pass -band is from 41.25 to 46.5 MHz, the 
Channel E picture carrier image can affect Channel 2, and the sound 
carrier image Channel 3. The other two beats are outside the IF 



Finally, it should be noted that any given channel can appear aa- 
an image to l ower channels, at the same time that higher channels 
appear as an image to it. Thus image relationships to be considered 
in contiguous channel blocks with 6-MHz spacing are ±15 channels 
(picture carrier image) and ±14 channels (sound carrier image). These 
will be discussed further in Section 6. 

d. Inter modulation 

Intermodulation is a term describing the interaction of signals on 
different frequencies to create various sum and difference signals on 
other frequencies. There is no mechanism for such interaction as sig- 
nals propagate through the air, but it can and does occur when multiple 
signals pass through any circuitry containing active elements (ampli- 
fiers, mixers, detectors, etc.). Thus in broadcast TV, the presence 
at the receiver antenna of multiple station signals on various carrier 
frequencies results in some unavoidable interaction between them in 
the receiver circuitry, which can create visible picture interference 
depending on the frequencies of the intermodulation products, and their 
strength (which depends on the quality of the receiver design). 

The most troublesome (but not the only) intermodulation effect is 
the third -order beat involving the second harmonic of one interfering 
signal minu 3 the frequency of another interfering signal* Take for ex- 
ample VHF Channels 9 and 11 (picture carriers 187.25 and 199.25 MHz). 
The two possible third -order beats between these two carriers fall 



pass -band 



* i 
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precisely on the picture carriers of other channels: 

2(187.25) - 199.25 *= 175.25 MHz (Cbanrvi 7) 

2(199*25) - 187.25 = 211.25 MHz (Channel 13) 

A Channel 7 Beat is also produced by *he combinations 8-9 and 
10-13, and a Channel 13 beat by 7-10 and 11-12, but 8-9 and 1 1-12 
problems are unlikely in broadcasting eecause of the non-adjacent- 
channel rule. 

Another important but apparently less troublesome intermodula- 
tion effect is the second -order beat involving one frequency plu6 or 
minus another one. **or example. 140 MHz can be produced by 60 
plus 80, or 220 minus 80. 

The intermodulation performance of receivers at VHF frequen- 
cies is generally good enough that no special precautions against it 
were necessary in VHF station assignments (7-9-11-13 is a common 
co-market assignment pattern). In cable systems, however, these 
intermodulation products can be created in the cable system itself 
since all VHF channels are carried side-by-side through various head- 
end and cable amplifiers. Here again, careful design and maintenance 
of the cable system is necessary, particularly as additional mid- and 
super -band channels are added and the total bandwidth of the amplified 
frequencies is increased. 

e. IF Beats 

A particular form of second -order intermodulation called an 
"IF beat" results if two channels separated approximately by the 
receiver IF frequency (45. 75 MHz) should somehow interact in the 

circuitry of a receiver to create difference frequencies at the input ' 
to the IF amplifier that fall within its passband and will be amplified 
along with the desired IF signal. The most probable such situations 
are the beats between the desired channel and the ones located 7 and 
8 channels above and below it in frequency. This cannot occur in the 
frequency assignment pattern of Channels 2 through 13, but can in 
UHF-TV and in cable systems using mid- and super-band channels in 
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addition to the VHF channel®* UHF -TV avoids the problem by 
geographic isolation of IF -beat channels (see below). Cable systems 
will either have to live with it, or as some people now think, design 
cable converters or special cable receivers with a much higher IF 
frequency. This would also help the oscillator leakage and image 
problems • 



f. Application of Anti-Interference Rules in UHF-TV 

Although UHF transmission and reception are not of concern in 
cr,ble systems, the cumulative effect of the above mutual interference 
problems in large blocks of contiguous television channels are perhaps 
best illustrated by the UHF “taboos” (non-co-assignment rules for UHF 
channels based on the possibility of mutual interference). In a recent 
paper proposing a new look at the question of geographic/frequency 
allocations ,* Norman Parker (Motorola) traces the history of the UHF 
“taboos” and gives the following example. If a particular UHF channel, 
say No. 29, is assigned in a given area, FCC rules state that a total of 
18 other UHF channels cannot be assigned to transmitters operating 
within distances ranging from 40 * 120 miles from the Channel 29 trans- 
mitter. These channels, their potential interference effect, and the 
minimum mileage separations are shown below; 



Relative 

Channel 

Spacing 



Actual 

Channels Idled 
if Channel 29 
is assigned 



Type of 
Interference 
Potential 



Minimum 

Separation 

Radius 



*1 


28,30 


Adjacent channel 


55 


miles 


±2, 3, 4, 5 


24,25,26,27 

31,32,33,34 


Inte rmodulation 


40 


it 


± 7 


22,36 


Oscillator 


120 


ii 


±8 


21,37 


IF beat 


40 


ii 


±14 


15,43 


Sound image 


120 


ii 


±15 


14,44 


Picture image 


75 


»» 



“A Proposal for the Modernization of the UHF Television Taboos”, 
Norman Parker, presented at the IEEE-PGVT Conference, 






Washington, D. C. , December 2, 1970. 
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This process is of course repeated for eech channel. Thu. any 3,. 

channel span of frequencies, almoit 60 percent of the channel. can 

,n, "'"' nCe “ interference front) ,h, one in the center 

*” d lh<,lr u ’° “ restricted as above for TIHjr broadcast pur. 
poses. Although the above ’'tahnnA* 1 **.**%. j . t 

nq c,, , * tab ° 08 were adopted by the FCC at a time 

U« 2 ) when the oe.tgn of UHF-TV receiver, was in it. infancy and were 
eliberately ultra-conservative, they are still in effect. Part of 
Mr. Parker's thesis is that in the light of modern UHP-receiver per. 

r; ot ih * ,e couw p " hap * no ”' b * «■>» .« 

good b.ueprint however for potential inter-channel interference prob. 

lems in 20-40 channel cable systems, particular!-, since ,h, cable 

itself represent, an additional mechanism for t„e generation of 
interrnodulation products . 



5. 



Other Interference Prob lem* Peculia r >0 Cable 



T e inter-chaiii...ei interference problems described in Section 4 
above occur i„ both broadea B£ -TV and cable-TV and are all generated 
in or by television receiver as a result of the interaction of receiver 
, "‘f 1 parameters and. particular channel. frequency relationships. As 
nas been dxscussed, their deleterious effect on received pictures can be 
ehnirated or reduced (at least below levels discernible to the viewer) 
y some combination of proper receiver/converter design, proper 
c oice of channel frequencies and transmission standards, and in broad- 
casting, by geographic isolation of troublesome station frequency assign- 
ment*. There are two other interference problems that are peculiar to 
cable systems and have somewhat different impact on cable and receiver 
engineering and the choice of cable frequencies: co-channel interference 
with cable signals by broadcast TV signals, and possible interference of 
cable signals, should they escape from the cable, with other radio 
services. These are described below. 

^...Co-channel Interfe rence by Broadcast Si^ is, 

th r ^ 1116 Carly dayS ° f Cable ’ TV * 3 y 8t ems were usually installed where 

*•'* '° S “' 0 ‘’ 8 kcal and programs ....re g.u.,.1 

carried on the ce-.e on th. eame channel. on which they were broadest. 
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As cable expanded into areas nearer the stations, it was found that with 
such on-channel carriage, many subscribe*? were troubled by inter- 
ference caused by dual reception of the same program: a direct, unwanted 
signal leaking into uie cable or their receiver from the broadcast station, 
and the same signal as picked up by the cable system antenna, processed 
by the cable head-end, and transmitted through the cable. Because the 
cable signal travels a greater distance, at least part of which is through 
a slower medium (1.2 usee per 1,000 feet in the cable as opposed to 1 
usee per 1,000 feet through the air), the interfering direct-pickup signal 
arrives first and creates various effects depending on its strength relative 
to the cable signal and the relative signal delays. Particular effects in 
received pictures are 11 left-hand ghosts ", vertical black synch bars, or 
random stripe patterns. 

As a result of the on-channcl carriage problem, it has been 
common cable practice to carry strong local stations on different "quiet” 
channels ox? the cable* This represents both an inconvenience for the 
subscribers (these stations are not found at their normal positions on 
the dial), and a wastage of channel capacity. In some metropolitan areas 
with many local stations, as many as five or six cable channels are 
unusable because of on-channel interference, leaving only six or seven 
channels in what should be a 12 -channel cable. It was this problem that 
has prompted the installation of many dual -cable systems (with sub- 
scriber "A/B" selector switch) to increase capacity, but note that the 
some interference rules apply to both cables and some dual-cable systems 
can still offer only 12-14 channels. 

Broadcast signals can leak into any part of the cable system 
(up to and iu^luding the final connection to the antenna terminals of a sub- 
scriber receiver), or directly into the receiver itself via pickup in its 
internal wiring or circuits (rote that on-channel leakage is of little con- 
cern in broadcast reception). On- channel leakage pickup into the cable 
system is susceptible to cox*rsction in a large number of cases by careful 
engineering and installation; the methods for this have been described 
by Archer Taylor/' However, in this same article, Mr. Taylor also states: 

#** n " n " 1 1111 

‘On-Channol Carriage of Local TV Stations on CATV", Archer S. Taylor, 

IEEE Transactions on Broadcasting, Voi. BC-5, No. 4, Dec. 1 969 • pp. 

102-104. 
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about in <1 8, f 8cribc ” are located l es8 than 
about 10 miles from a local TV tranrn.itting 

antenna, it is probable that nothing short of mod- 
ification of the TV receiver will cure some cases 

*£!? Pl . ckup, < ‘ ,In th « «nal analysis, 

the best answer is the redesigning of TV receivers 

fiel?* ‘w y t VC i i° 4 lat , cd (8hieWpd) from ambient 
. Work thi8 18 in progress. W e stand a 
better chance of success when we hav* 20 million 
subscribers than we do with 3 1/2 million (1969)." 



These comments of course apply to cable systems in which receive* •. 
are directly connected to th<* cable, i. e. . without use of subscriber 
(set-top) converters. It w>uld probably take at least 10 years to turn 
over the present inventory pj sets in use, even if only shielded sets 
were to be procured from now on* 



V-.en (but not all) types of converters are usod, the 

receiver is left tuned to a "quiet" VHF channel, eliminating any co- 
channel problem in the receiv r, However, the converter n- Jt then 
be designed with sufficient shielding to prevent co-channel interference 
effects within it, but this is relatively easy to do and the requirement is 
clear-cut, which it hasn't been for TV receivers. At the same time, 
converters can be designed to avoid all of the inter-chan .el interference 
effects described in Section < * In this regar- it is interesting to note 
that the first CATV converter appeared less than six years ago, and that 
the number in service is still quite small (in the tens of thousands). 

Most of these have been largely assembled from standard TV tuner com- 
ponents, modified only for the new channel frequencies, and it is only 
recently that more than cursory attention has boon paid to the possibil- 
ities afforded by new designs optimized for broadband cable purposes. 
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Resign unci Use of CATV Converters 11 
March/April 1971* See also 
19T l, (page 



> Patrick 1\ J, Court, Information 
M» F * Jeffers letter March 4, 







b. Cable Interference with Other Services 

The signals carried in a cable system are at radio frequency and 
thus are quite capable of propagating in all directions through the air if 
not properly confined within the coaxial cable and shielded equipment 
boxes which form the system. Although the cable signal levels are quite 
low compared to those normally applied to the antenna of a transmitter, 
they can still cruate significant field intensities (and thus interference) 
up to a few thousand feet from the cable in the case of the worst possible 
typo of shielding break — one that somehow acts as a perfectly efficient 
isotropic antenna and is located Immediately following a cable amplifier 
where tho signal levels are highest.* Even without a major cable fault 
of this eort, cable systems can never be perfectly shielded and there 
will a!' *. v.» bo some radiation, even if it is onl/ detectable within a few 
feet of fin; -cable. 

Radiation from a cable system carrying only the 12 standard VHF 
channels should of course cause interference only with television recep- 
tion, and only in receivers located nearby. However when additional mid- 
and super-band frequencies are carried, cable radiation could possibly 
affoct other radio services as follows : 



Mid -Band 



Super -Band 



88-108 MHz — 


FM Broadcast (may actually 




bo carried on the cable) 


108-136 MHz — 


Aeronautical 


136-144 MHz «— 


Government, Space Research 




Meteorological 


144-148 MHz — 


A mate u r 


148-151 MHz — 


Kadionavigation 


181-174 MHz — 


Land-Mobxi^, Maritime, 




Government 


216-225 MHz ■— 


Government Amateur 


225-329 MHz — — 


Government 



* — — — 

"Possible Radiation from Broken CATV Cables in the 118-136 MHz ATC 
Band", J. K. Adams, Jan., 1971 (Informal working paper prepared for the 
Office of Telecommunications Policy, and circulated to tho IEEE Spectrum 
Allocation Subcommittee). 
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The FCC ha. long r«cog»ls«! the problem of cable radiation, and 
•pacifies i„ .ubpart D, Section l 6 . U , on .Radiation from a Community 
Antenna Television- of it. Rulo. an- Regulation, i 



teatVJ 0 ;, Von! *. ** l "*‘» •y«»m»h»n b. 



Frequencies (MHis) 



Up to and including 54 
Over 54 up to and including 132 
Over 132 up to and including 216 
Over 216 



Distance 

(feet) 



100 

10 

10 

100 



Radiation Limits 
(micron v/m) 



General 
requirement 



12 

20 

50 

15 



Sparsely 
inhabited 
areas 1 



skSSTSSt' 

received directly from a t.iavi.U ^0^* .Stiom * '*'** 



A .though not immediately apparent because of the fact the specified 
istances are not all equal, the protection in the band between 54 and 216 
MH* i8 considerably higher than for freque vie, above and below it. Note 
also that permissible levels are much hi, i„ the T V bands (and mid- 
band) in areas remote from TV stations -.vUere every TV receiver is ex- 
pected to be on the cble and not using an antenna. 

Now that substantial use is beginning to be made of mid- and 
super- >and transmission on cable systems, the FCC and the FAA among 
others have become concerned about potential interference dangers with 

;r° 7*"-" Particularly the aeronautical 

( ) services One situation postulated is that an aircraft in taking off 

c* making a landing approach may fly quite low over a CATV cable 

same time that it is a considerable distance from the ATC transmitter, 
f the cable were faulty and radiating at the A VC frequency, the resulting 
intervene* at the aircraft receiver might have critical consequences 












r 




even though the time exposure to It would be brief (of the order of 40 
seconds maximum). One analysis to date concludes that this should 
not be a serious problem, but that certain safeguards should perhaps 
be established :* 

(1) adoption of upper signal level limits for 
CATV cables, 

(2) installation of u.eak-detection dovices in 
all cable systems, 

(3) placement of mid-band CATV carrier fre- 
quencies between ATC channels. 

This subject is just coming under intensive study and discussica 
by the FCC, the FAA, the Offices of Telecommunications and Tele- 
communications Policy, the IEEE Cable Television Task Force Com- 
mittee, and others, as part of the current debate on cable standards. 
The intent here is not to shea any light on the solution, but only to point 
out that this question adds another dimension to the cable frequency 
allocation problem, and that the ultimate decisions, particularly in 
regard to item (3), may have a deleterious effect on the channel capac- 
ity of future systems. 

6. The Cable Channel Allocation Question 

So long as cable systems simply carried television signals on 
the same channel frequencies assigned by the FCC for VHF broadcast- 
ing, the only two of the six interference effects discussed in Sections 4 
and 5 above that represented any real problems for cable operators 
were adjacent-channel interference and on-channel pickup; the former 
handled by careful signal balancing and level-control, and the latter by 
idling the troublesome channels.** However, as new cable channels 



* 



J. 



E* Adams, Ibid 



M T!>e Real World of Technological Evolution in Broadband Communica- 
tions’ 1 , Hubert J. Schlafy, Report prepared for the Sloan Commission 
on Cable Communications, September, 1970* 
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be 8 an to be added in a few .ystems starting about 1968, all of the offers 
apphed, initiating a debate which ha. just reached full intensity in the 
past few month., and in which this study has had a small measure of 

involvement. The following are indicative of the questions now under 
consideration. 



a. A Non- Contiguou s Channel Scheme 

In a paper presented at the 1970 NCTA National Convention, 

M. E. Jeffers (Jerrold Electronics Corp.) set forth the oscillator and 
image beat effect, in the generally accepted mid- and super-band assign- 
ments (shown by the boxes in the last two columns of Table A-III) and 
proposed a realignment of the mid- and super-band cable-channel assign- 
ments to eliminate these problems.’ His proposal H r realignment was 
to alter the band limits for the mid- and super-bands and insert frequency 
offsets between these channels at appropriate points, with the objective of 
Placing all oscillator and imago beats at band-edge {between channels) 
where their interference effect would be minimal. 

Since the new channel assignment charts in Mr. Jeffers' paper 
did not cover the entire 54-300 MHz cable spectrum, an overall chart 
based on his mid- and super-band assignments wan prepared as shown 
m Table A-IV. This gave the total channel count (35), but also brought 
to light the fact that because of the complexity of the inter-channel rela- 
tionships. it is almost impossible in such a frequency juggling exercise 
to avoid creating new problems while trying to correct other ones. For 
example. Mr. Jeffers was successful in placing all mid-band/iow-VHF- 
band and super -band/high-VHF -band image and oscillator boats at band 
edge, but in the process created three dead-beat images oi super-band 
channels on mid-bind channels and five undesirable ("positive") oscil- 
lator beats on high-VHF band channels by mid-band channels, as shown 
by the boves in the last cv/o columns of Table A-IV, 



r * ■ m m 

Assi >: nment8 tor Mid- and Super-Band Channels" 
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Toble A-m 

Pfeient VM)', Mid-Bond, and Sup.r-Band AMlqnm.nn 



Channel 


MHi 


Video Carrier 


2 




54-60 


55.25 


3 




60-66 


61.2$ 


4 




66-7? , Q 


67.25 


5 




76-87 


77.25 


6 






83.25 


A* 




120-126 


121.25 


6 




126-132 


127.25 


C 




132-138 


133.25 


0 


Q 

z 


138-144 


139.75 


E 


< 

1 


144-150 


145.25 


F 


a 

% 


150-156 


151.25 


0 


< 


156-162 


157,25 


H 




162-168 


163,25 


l_ 




168-174 


169,25 


7 




174-180 


175.25 


8 




160-186 


181.25 


9 




186-192 


187.25 


10 




192-198 


193.25 


11 




198-204 


199.25 


12 




204-210 


205.25 


13 




210-216 


211.25 


J~ 


l 


210-222 


217.25 


K 




222-228 


223.25 


t 


« 

03 


228-234 


229.25 


M 


01 


234-240 


235.25 



Oic. Freq. 


Imege Frcg. 


Channel 
Affected 
by Ok„ 


101 


146.75 




107 


152.75 




113 


158.75 




123 


168.75 


A ( 1.7S) 


129 


174.75 


B (1.75) 


167 


212.75 


H (3.75) 


173 


218.75 


1 <3.’5> 


179 


224.75 


7 (3.75) 


^ 05 


230.75 


8 (3.7S) 


191 


236.75 


9 (3.75) 


197 


242,75 


’0 (3.75) 


203 


248.75 


U C.i.75) 


209 


254.75 


t2 ;j.?5) 


215 


260.75 


13 (3.75) 


221 


266.75 


J (3.75) 


227 


272.75 


K (3.75) 


233 


278 75 


l (3.75) 


239 


284.75 


M(3.75) 


245 


290.75 


t 


251 


296.75 


3.75 MHt 


257 


302.75 


it g color 
bear 


263 


308.75 




269 


314.75 




275 


320.75 




281 


326.75 





Video Carrier 
on l.’xjge 
Frequency 

T7T*s7 

FU3) 

G(l.S) 



7 (-.3) 
13(1.5) 
J(l.S) 
Ml.S) 
L 1)5) 



I 



\ 



\ 




75 
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Table A- nr 

SujuiBind No*. Mid- ond Super-Band Allocation by M.F.Jeffers 



Chonnel 



2 

3 

4 

5 

6 

a! 

B 

C 

D 



M H* 



ViwCd Carrier 
(6-MH* iepo" 
rotlonj except 
oi noted ) 



0»e. hreq. Image freq. 



54-60 


55.25 


101 


146.75 


60-66 


61.25 


107 


152.75 


66-73 


67.25 

— 10 

77.25 


113 


153.75 


76-62 '* 


123 


168.75 


32-62 
«* *» • 


83.25 


129 


174.75 


117-123 


*Tf£2$ 


164 


20? ’5 


123-129 


124,25 


?70 


215.75 


129-135 


130.25 


176 


221.75 


I35-U1 


136.25 


182 


247.75 



£ 


5 1 4 1.5-1 47. S 


142.75 


188.5 


F 


S 1 47.5-153.5 

W 


148.75 


194.5 


G 


§ 153.5-159.5 


154.75 


200.5 


H 


J "* TwTs-fJJ.V 


10 

1 64. 75 


21C.5 


7 


TSi- 


""TST?* ’ 


221 


8 


160-186 


161.25 


227 


? 


136-192 


187.25 


233 


10 


1 <2-198 


193.25 


239 


11 


193-204 


199.25 


245 


12 


204-210 


205.25 


251 


13 


210-216 


211.2$ 


257 


1 ' 


221-227 222.25 


268 


J 


227-233 


223.25 


274 


K 


233-239 


234.25 


280 


l 


* 229, 245 


240.25 


286 


M 


g 245-251 


2-6.25 


292 


N i 


| 251-257 

G 25T-263 


252.25 


298 


oi 


258.25 


304 


? 


2 267.5-273.5 


263.75 


314.5 


Q 


2 2*o. 5-279,5 


274.75 


320.5 


7. 


279.5-255,5 


280.75 


326.5 


S 


2:5.5-291.5 


286.75 


332.5 


T 


291.5-297.5 


292.75 


338.5 


U J 297.5-303.5 

15 channels 


298.75 


344.5 



234.25 

240.25 

246.25 

256.25 

266.75 

272.75 

270.75 

234.75 
25C.75 

296.75 

302.75 

313.75 

319.75 

325.75 
331.73 

337.75 

343.75 

349.75 

360.25 

366.25 

372.25 

378.25 

384.25 

390.25 



Channel 
Affected by 
Oscillator 
(Beat I'req.) 



BH.2S) 

CH.25) 

H(- .75) 



0(-l. 25) 

P<-.?5) 

Q(-.75) 

H{-.75) 

S(-.75) 

T(-.;-5) 

UI-.75) 






Video Cor ••iff 
on (mage 
Frequency 
(8ecf Freq.) 






7(*.7i) 


K-.5) 


8(‘.7S) 


J(-.S) 


9{*1.2S) 




XC0) 


I0M.25) 




1(0) 


11 (*1.25) 




M{0) 


13(-.75) 


0(-2) 


l(*t.2S) 


■»(-2) 


JH.25) 


Q(-2) 


*(• 1.25) 


R(-2) 


li-1.25) 


S(-2) 


MM. 2J) 


T(-2) 


N(-t.25) 


U(-2) 
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The.. «„di» 8 . were brought Mr. J atMatlon. .nd he 

hl“,T' " i,h ‘ hem le ‘" r " eM How.,... md, c „ ed 

hi. letter, he feel, th.t ,h... particular preblem. e.n be allmlaatad 

V proper converter de.lgn _ either holding ..dilator radiation and 
image rejection to very tight limit,, or u.ing a different. very high 
frequency in converter, to completely eiiminat. o.cillator and 
.mage beat.. Thc.e meaaur,. would no, help reduce Intermodulatlon 

n, which become exceedingly complex with .uch non. 
contiguous channel spacing. 

A Contiguous Chan nel Schema 

... * ^ inter ‘ channel interference effects discussed in Section 4 of 

tms Appendix have long been a factor in awa u t 
s vatfims n T t h 1 8 fre< l uenc y-multiplex 

V ms (Lj . L 2 , etc. ) utilised by the telephone company in its inter. 

Onl lf^ k Cir . CUit8 ' and methods have been developed to cope with them. 
Onoofthc.o.. th. careful control of channel fr.gu.ncy ratio., including 
ovation of all carrier, by auitabl. frequency multiplication, from a 
common master oscillator. ' 

Mr. I. Switzer (Maclean-Hunter Cable TV Limited) has presented 
a paper advocating use of such techniques in CATV systems.* Mr. 
Switzer has also corresponded with the author on the mid- and super- 
band frequency allocation question, advocating a contiguous set of 
channels at constant spacing to help overcome intermodulation effects 
see otters following). If such a plan were carried through completely, 
Channels 5 and 6 would have to be moved 4 MHz lower in frequency to 
it into the plan. This would not be of any consequence in a system 
w ere ail subscribers have converters or special cable receivers, but 

would dual-class" service is offered, as discussed in Subsection (c) 
beiow. * 

* contiguous -channel allocation scheme would yield a total of 
CAT / channels if the spectrum between 54 and 300 MHz were 






* 



” r j* as “ L ° ck Applications in CA1 v ovst« 
at NCTA Annual Convention, Chicago*. II 



I. Switzer, Presented 
June, 1970. 
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ELECTRONICS 



fc WO MAR 



# 1871 



CORPORATION 

INOtNlmiNO lASORATaiv 

•Ttff ftft V ROAD AND TURHRIKt Bam* ® * * 

«*• O. BOX HATBCO. #BN N .y t VAN, A 




March 4, 1971 



wara . Deputy Director 
tl'-ctronic Systems Laboratory 
Department of Electrical Engineering 

2»s^S Um w 8 InStitute of Technology 
Cambridge, Massachusetts, 02139 

Dear Mr. Ward: 



Jorhave'spo^LViVmJ^^r^^efrF 1 " 8 t0 * possib,, flaw fwt 

and Super Band Channels." * Frequency Assignments For Mid 

til. KTA Show SS! til" r£ J&Z1 , 1 U ? “i 1 *« •» t.lfc »t 
oscillator beats that you refer to fallVt 0 *?." 8 Ch ° Image and 
the Set Converter. Since this U nir«!V ht * manufac ^rer of 
manufacturers selling to the CATV indu®5 Ull ' V Under the controi °f 
arp lied to avoid th« wobllL rJL try ’ s P ecif nations can be 
«»y of the manufacturers TsJfZJT mPntioned ‘ *» addition, 
and very wisely, aloill * ? hi f ‘ oM^*" t0da ’\ ar3 completei'y, 
frequency If between 3C0 and 4CCMHz fin*^ c ^ nv ^ rtln 8 to a higher 
45.75MHS IF), thereby comjute^oidine •J, 0 * t0 ^ Standard 
problems and the imago problems^ U oscillat °r leakag. 

tight specifications placed c o V ° U refer ’ With •*«>« 

use the low frequency IF or bV de<rt E Con verter manufacturers who 
frequency If. ti «Sh 

Thank you for your intereqf a -j 

answer your question, please do not heSaJI me? ^ ^ 



rvp 

cc/G. Norman Penwell 



Very truly ( yours, 

M, F. Jeffers; 

Vice President - Engineering 
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Maclean -Hunter Cable TV Limited Rm- * 1 ** 

" 11 41«-*77->$W9 

CANADA 

March 1, 197U 

Mr. John E. Ward, Deputy Director, 

Electronic Systems Laboratory, 

Department of Electrical Engineering 
Massachusetts Institute of Technology, 

Cambridge, Mas 9., U.S.A. 02139 



Dear Mr. Ward, 



Norm Penwell has been kind enough to send me 
a copy of the letter that you sent him commenting on 
some apparant deficiencies i n Mike Jeffers* suggested 
mid-band allocation plan. 

* particioated actively in Canadian government 
deve iopemnt of caole television technical standards. While 
lirm allocations for mid-band channels in Canada have not 
yet oeen made, the subject is being actively discussed. 

In n\y comments on mid-band allooation plans I firmly recommended 
a set of allocations for mid-band ar.d superband that were 
contiguous with the present VHF high-band allocations. 

My reason is that I believe that third order 
inter-modulation oroblems are more severe m cabie television 
systems than is generally realized and that the use of a 
contiguous set of channels permits all the virus* carriers to 
be spaced oy a constant 6 MHz derived from a “master oscillator". 
This is common teleohone carrier practice and I believe that 
such a mode of ooeration would do a great deal to reduce 
thirl oraer intermodulation mterterence m cable television systems. 
Prooiem3 of local oscillator and image interference wiU have 
to oj dealt with by applying tighter specifications to tuners 
and converters used in such systems. I consider the prospect 
ol ntermodulation interference reduction io be a major 
factor in considering a contiguous allocation scheme. 

A lurther improvement m system performance 
could be achieved by use of suppressed carrier, i*e. • 

modulation and sideband structure as in present system but 
with cuooression of the carrier. I am sure that oractical 
converters can be developed that would reinsert tne carrier 
lor re :eption on standard television receivers. 
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Maelii«n>Hunttr Cabla TV Limited 



A combination of "locked carriers", except perhaps 
for low band, and suppressed carrier would considerably inorease 
the load handling capability of oable television systems. 



More exotic modulation schemes might oe considered, | 
such as rM or oulse code techniques, but they reqw'fe a great f 
doai more bandwidth than the present vestigial sideban 4 technique. \ 
Bandwidth on cable ie extremely limited and 1 do not see 1 
exotic modulation systems as practical until we have cable transmission 
capability to 1,000 MHe. Suopressed oarrier provides a | 
significant inorease in. oapability without using up speotrum ' 
(except perhaps a 8mait/4iotch for a pilot oarrier of some kind}. 1 



four* sincere^ 

’ JL^ -yr , 

I. Switzer, P.Eng. , 

Chief Engineer. \J 



co G.N. Penwell. 
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J.L WARD MAY 819 TI 



Maclean-Hunter Cable TV Limited 



2? 5e*fet« CMv# 
ftaxdtta, 0 

4U - $T/ - $930 
WM 



May 3i 1971. 



Mr * John S. Ward, 

Deputy Director, 

Electronic System Laboratory, 
Massachusetts Institute of Technology, 
Cambridge, Mass* , U.S.A. 02139 



/ 



Dear Mr. Ward, 



Thank you for your additional comments on 
frequency allocation for augmented cable systems. The 
only maverick channel© in the present VHP bands are channels 
5 and & Channels 2,3,4, fit into a 6 KHz spacing with high 
cand and contiguous mid and super band channels# Moat second 
order beats (;,e# sum and difference products) will also 
be handled by common 6 MHz spacing. Harmonic products wiU, 
of course, not be helped. 






I sincerely believe that the matter should be 
studied and standardized by a committee similar to the National 
Television Service Committee. X believe that the allocations 
finally adopted would he contiguous channels, with channels J and 6 
moved downward 4 MHz to bring them into a workable plan of 
this kind. I have to make some decision right now and I am 
betting that this will be the outcome. 



r 



I hope to get a oudget later this year to actually 
build a working head end with as mar\v channels as possible 
locked to common 6 MHz spacing (excepting 5 and 6). I will also 
try and elaborate the "theory 0 associated to see whether 
the actual channel spacing should not oe verv accuratly controlled 
as a multiple of "colour scanning frequency", '5% 734 KHz, so that 
beats falling into 5 and 6 might, as much as possible, fall 
onto the normal spectraJKfin^s and thus look like sync pulse 
components... T hip would b^/knalogoue to reasoning behind 
precision 'offset otferaj^dn criteria. 




Chief Engineer 



IS/ is 
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completely filled. As has been discussod, some frequencies in this 
range may be unusable for CATV if it is determined that a serious 
interference hazard exists with other services, pa/- .*ularly with 
aeronautical radio-navigation aids in the 108-136 MHz band. 

c. Dual Service Class Considerations 

One factor which additionally complicates the whole frequency 
allocation issue is the fact that many operators may desire or need to 
oaer two classes of compatible servile on the same cable: VHF-only 
at one price for subscribers ■ standard receivers and no converters, 
and VHF plus cable channels at a higher price for subscribers using 
converters or special cable receivers. Thus a channel-utilization 
scheme which depends primarily upon the ability of converters or 
special cable receivers to eliminate interference effects might be 
unacceptable :c* such dual-class service — » those standard TV re- 
ceivers th® * \re directly connected to tho cable might not be able to 
cope with inteifer'-.iice beats resulting from the presonce of non-VHF 
cable channels, 'fere an allocation scheme that provides additional 
protection to the VHF-7V channels may be required, such as the pro- 
posal by M. F. Jeffers discussed in Subsection (a) above. On the other 
hand, the optimum solution for broadband cable service mav turn out to 
involve rejection of tho present VHF Channels 5 and 6 downward by 
4 MHz to fit into a contiguous channel allocation scheme as discussed 
in Subsection (b) above. ar*> a non- converter subscriber to such a sys- 
tem would be unable to receive Channels 5 and 6 and be "channel poor". 
Current, discussions include the possibility that there may have to be 
several alternate cable -frequency allocation standards to fit different 
situations,'" but this would be unfortunate from the point of view of cost- 
effectiveness in equipment manufacture and interchangeability or port- 
ability of equipment fran system to system. Event* al large-scale production 
of augmented -channel TV sets for cable use would seem to depet. d uj.\ n haz- 
ing a single nationwide standard, such as now exists for broadcast-TV. 



Minutes of Cable Spectrum Allocation Subcommittee, Cable TV Task 
Force, IEEE, January 2, 1971. 
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APPENDIX U 



The Red iff u» Ion Switched 
TV Distribution System 



This appendix consists of two parts. The first part (pages B-l 
through B-19) is a memorandum prepared for the Sloan Commission 
on February 9, 1971, which was later revised on April l and again on 
Moy 26, 1971 on the basis of comments by Rediffusion personnel. 

The May 26th version was included as Appondix B when this final 
report on the M. I. T. study was originally submitted to the Sloan Com- 
mission on June 7, 1971. 

Two months after the submission of the report, further Informa- 
tion was received from Mr. R. P. Gabriel, the Chairman of Rcdiffu- 
sion, Ltd. , (letter dated August 10, 1971) and from Mr. U. W. Lawson 
at Dennis Port (letter dated August 24, 1971) which revised the cost 
data for almost every system component included in the original anal- 
ysis. The net result is a reduction in the estimated per-subsc riber 
cost irom $256 to $186. This change has been made in the body of the 
report (Chapters II and 111), and in the Sloan Commission's report 
On Ih e Cable, The Television of Abundance", released in December, 



Rather than rewrite this appendix or the basis of these revised 
cost estimates, it seemed better to maintain both Bets of figures for 
comparison. The second, added part of this appendix (pages B-20 
throvigh B-23) thus represents the latest estimate of component and 
system costs (as provided by Rcdiffuaion in August, 1971), cross- 
referenced with the original text. 
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->*mbridge, Massachusetts 021J9 Sy 
MEMORANDUM SLOAN-lB 

The Rodiffimi pn Swltrh »n 
TV Di»tr|h ut_ion System 

John E. Ward 
February 9, 1971 

(Revised April 1, 1971, and May ’6, 1971) 

1. INTRODUCTION 

“ d ~ - " 

:cr • — ■ * - v^::z 

- :;rvr r * ■— 

1969 and early 197 Q s„k , ■ d Great Britain in mid. 

Klchard Leghorn , hc '7T' w " ft ">»<*« with M 

l>«W an un.x.rcised franchise. Installation eat 1 *" 0r whlc 

c:r;r n,nAus "- 12 

* \istted the Dennis Port . 

rt installation on January 10 io?i « a 

cordially received by Mr. H p Cft ,, . ^ Y « 9 . 1 971 and was 

by Messrs J ol „ M r * Goodwini C »*nmerci«l Manager, and 

:■ - Z ' r *“ Rw “ W *• Santos SyLn,, 

otion nnd 7„ . ~ - --—an 

tochnical do, ail, and <.on.pon.nt costs'" “" SW °‘ m8 on 

*■ - — rr,: r *■“ 

memorandum. Thno . , iru 

installation costs, and commlntV ° n Cabl< 
dated May 10, 1971 . Mr * Law8011 1* * letter 
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II. BACKGROUND 

Rediffusion International , Ltd. has had many years of experience 
in Great Britain in radio and TV distribution over twisted-pair .cables, 
using "HF" cable frequencies in the range from 0-10 MHz. In their 
British installations, the trunks, feeders, and subscriber drops carry 
each TV and radio program (up to six of each maximum) on a separate 
wire pair, and each subscriber has a manual selector switch. The TV 
picture carrier used is 5. 9 MHz (or 8. 9 MHz) and both TV and radio 
sound signals are carried at baseband at a lovel sufficient to drive a 
loudspeaker without amplification. 

For those subscribers with a standard TV set, a fixed -frequency 
inverter translates the selected TV channel from thu HF trans- 
mission frequency to a convenient VHF channel frequency (the TV receiver 
is left tuned to this frequency) and the video signal is recovered in the TV 
sot in the normal way. The baseband audio signal directly drives the 
speaker thraigh a volume control (requiring a special connection into the 
receiver). There is also apparently substantial use in Great Britain of 
simplified TV receivers without VHF tuners. T n iheso "wired" receivers, 
the HF picture carrier is simply amplified and detected to recover 
the v'deo signal. 

In the United States, with its many TV channels, the above distribu- 
tion system using a wire -pair por channel with home selection would be 
uneconomic . Ihere is also interest in Great Britain in expanding the 
number of available channels. Rodiffusion has thus come up with thu 
"Dial -a -Program" concept in which a single HF distribution channel is 
brought to each subscriber and program selection of up to 36 channels is 
performed in a remote switching exchange under subscriber control via 
a telephone -type dial. This of course implies a hub-type network between 
the switching exchange and the subscribers, as opposed to the tree struc- 
ture used by Uediffusion in Great Britain and by the present VHF CATV 
distribution systems in the United States. 

This hub-type switched network has a number of potential advan- 
tages over the troe-structured VHF distribution system when considered 
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In the context of tU* many proposals for advanced communications services 
in the 'wired city' of the future. Among these arc the ability to expand the 
number of subscriber program channels without Hn.it by simply enlarging, 
or cascading the selector switches in the exchange, the ability to set up 
the switching so that privileged information (o»g» , medical news) can be 
seen only by selected subscribers, the demonstrated capability (in the 
Rediffusion system) for simultaneous "upstream 11 TV transmission using 
a 15-MHi. vision carrier on the signal pair of any subscriber cable » and 
the many possibilities for two-way, narrow- or medium -band communica- 
tions services using either or both of the unique .vire pairs for each sub- 
scriber (a subscriber cable actually consists of four wires; a signal pair, 
and a control pair for program selection), 

There are also a number of disadvantages as compared to present 
VHF systems. Among these are the more complex cabling of a hub-type 
network, the fact that each TV set to bo used independently requires a 
separate cable and exchange switch (not just each household), the in.tial 
ecst and maintenance problems of the switchgear, and the need for dis- 
persal of switching locations roughly every one-third mile throughout the 
served area be~*itse of the IdOO-foot length limitation on the unamplified 
subscriber cables. Actually, the use of remote switching locations aids 
the hub-type cabling problem by limiting the number of subscriber cables 
brought to any one hub, but real estate must be found and purchased or 
leased for each of these many remote switching installations. 

The relative balance of the above advantages and disadvantages vis- 
a-vis thsse of VHF tree networks is of course of great interest, particularly 
in any attempt to predict the most desirable type of system to provide some 
of the communications services which have been postulated for a decade or 
two hence. The present memorandum does not attempt to strike such a 
balance, but provides an input to such an evaluation by documenting the tech- 
nical features and cost data for this particular system. 
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HI. THE DIAL-A-PROORAM SYSTEM 

Tho following describes the novel technical features of the Rcdlffusion 
system, including the special distribution cable, the program switching 
exchange, and tho present and possible two-way communications services, 

A. Distribution Cable 

As previously described, the heart of the Rcdlffusion approach is tho 
transmission of TV signals in tho lugh-frequcncy (HF) region of the fre- 
quency spectrum (2-15 MHz rather than at the VHF frequencies (50-240 
MHz) at which they are carried on conventional cable systems. Rediffusion 
also calls this"Supcr Video" because of tho small frequency translation 
(7.94 MHz) of a baseband 6-MHz video signal to produce their HF signal. 

The advantage of using such low transmission fiequencies is that it per- 
mits use of twisted-pair wires in placo of tho coaxial cable needed at VHF 
frequencies. It is well known that standard telephone cable pairs have a 
usable frequency range (limited by attenuation) up to about one MHz, which 
is tho bandwidth of Picturephone signals. Rediffusion has designed special 
twisted-pair cables which have an attenuation in the 2-15 MHz region com- 
parable to that of coaxial cable at VHF frequencies; about 2 dB per 100 foot. 

The Uediffusion distribution circuit actually consists of four wires 
twisted together — what they call a Qwist™ — with two of the wires form- 
ing a signal pair and the other two, interdigitated with the signal pair, 
serving as a control pair, Tho 25 -gauge signal pair has a usable frequency 
range of 0-15 MHz, and the 2('-gauge control pair is usable from 0-1 MHz. 
Special attention must be paid in manufacturing to produce this performance, 
but present cable costs are not unreasonable (see below). 

The Qwist cable io produced in two versions: a one-way cable (one 
Qwist) used for house drops, and a six-way cable (six Qwists in one sheath) 
used for feeders from the switching exchange. These cables are produecd 
by several British manufacturers in both screened and unscreened types, 
with the former having a copper tape shield. Both types are jacketed in a 
conducting polythene sheath. The unscreened type, which is less expensive, * 
is used in underground runs or in aerial runs where interference pickup is 
not a problem. Where pickup is a problem, the shielded type is used. 
Adjacent-channel coupling was of course a problem in the six-Qwist cable 
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• ince the Qwists are in physical contact, but the cable has been carefully 
engineered (for example use of different twist pitches on adjacent Qwi.ts) 
to keep cross- coupling below -46 dB in tho longest cable run. Tho outer 
diameter of the six-way cable is about 3/8". and in practice seven of 
these are laid together to form a 42-circuit bundle 1 1/4" in diameter. 
Discussions are under way with several United States manufacturers for 
production of these cabtes, 

The present costs of Qwist cables (without U. S. duty) are as follows; 
Six-way Unscreened $126.00 per 1000' 

" Screened 172.00 " " 

One-way Unscreened 31,50 " 41 

" Screened 77.00 " " 

There is thus a cost advantage in running as much as possible of the dis- 
tribution in the six-way cable, since the per-subscriber cost is then 

S21.00 and $28.50 per 1000 feet for unscreened and screened cable, 
respectively. 

The s lx -way cable attenuation is 1.4dB per 100 feet at 10 MHz, and 
maximum run of this cable from the exchange to a subscriber is 1500 feet, 
set largely by the maximum allowable attenuation (21 dB) and partly by tho 
maximum permitted "cross view" between < Ijacent cable pairs (-46 dB). 
Individual drops on one-way Qwist may extend 300 feet beyond this (or up 
to five miles with single-channel repeaters at 3/4-mile intervals, but the 
repeaters tost $61 each). Except for occasional isolated houses, an attempt 
would bo made to site exchanges so that all runs would be less than 1800 
feet and the refore not require amplifiers. 

Interexchange trunks in the Rediffusion system use a serrate co- 
axial cable for the HF composite video (7.94 MM* picture, 3.44 MHa FM 
sound) of f„ch program channel, and telephone -type wire pairs for the 
associated baseband sound signals. The composite video and baseband 
sound signals are separately amplified ir. each exchange (thus avoiding any 
possibility of cross -modulation) and mixed for application to the exchange 
busbars. At HF, the 0. 3-inch coaxial cables used for the trunks have an 
attenuation of only 40dD per mile, so no line amplifiers are needed between 
exchanges , which are generally located about 1/3 miles apart. 

Rediffusion quotes a cost of six cents a foot for the coaxial cable used 
»n the trunks, and one cent per foot for the audio twisted pair (in 12-pair 

V ‘ 1 ~ ' ■ 

See later (August, 1971) figures on page B-20. “ 
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cables). Cable costs for a 36-channel trunk are thus relatively high — 
$13,306 per mile, plus installation. 

B. The Program Exchange 

Rediffusion has apparently settled on 3j6 subscribers as the best size 
for a program switching exchange, although no justifications for this choice 
are given. To some extent, this size seems to have been arrived at both 
from practical considerations in switch design (see below), and from the 
fact that tho service area of an exchange is limited to l/5 square mile or 
less by the 1800-foot maximum length of subscriber cables. Some of the 
Rediffusion documents discuss ten exchanges (3360 TV sets) per square 
mile as a typical installation plan. For very high-density areas, either 
the 336-size exchanges could be installed in multiples, or larger exchanges 
may be ilanned (in his IEh. E paper* 1 '*, R. P, Gabriel states that an exchange 
for 5000 subscribers would require a room 27 by 15 feet, but does not dis- 
cuss its implementation). The following describes the present 336- 
subscriber switch as installed .ti Dennis Port. 

1 he exchange is designed around a rotary, 36-pole switch of novel 
design. Thirty-six reed switches are arranged in radial configuration and 
ai e activate ! one at a time by a magnet on a rotatable selector arm. The 
arm is driven by a solenoid-driven ratchet that responds to subscriber 
dial pulses. ~\vo of these switches are mounted on a printed-wiring card 
9 x inches in size, which plugs into the exchange distribution bus as 
shorn! in !• ig. 1. lue printed wiring is laid out with alternate wires at 
ground potential for shielding, thus three 24-pin connectors are used on 
each card for the 36 channels and associated grounds. Even with this 
shielding, there . "xn still be some coupling between lines on the cards and 
in the busses and Rediffusion has provided for use of vision-carrier offsets 
of 5244 Hz (one-third the horizontal scan frequency) between alternate lines 
in the even of any problem with visible beats between programs (they have 
not had to use this at Dennis Port). This would also aid in reducing visibility 



^ — an HI* Remote Selection Cable Television System." 
R. P. Gabriel, Proceedings of the IEEE . July, 1970, pp. 1016-1023. 
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Fig, 1 Mechonical Configuration of a 336x36 Program Exchange 
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of any beats with the second harmonic of the sound carrier, which appears 
at 6.88 MHz. 

The distribution busses also use stripline techniques, and each bus 
can accommodate 14 switch cards. As shown in Fig. 1, the exchange is 
arranged in two sets of back-to-back racks, with the bus feeds in the 
center. Three of the racks hold four bays of 28 switches each, and the 
fourth bay contains the amphxiers and other electronic equipment. 

Figure 2 shows the signal distribution scheme in the exchange. One 
of the problems was to avoid interactions between subscriber lines, i.e. • 
signal level changes as a function of subscriber load on a particular pro- 
gram. This seems to have been successfully accomplished, since it is 
stated that signal levels are maintained withm 1 dB for 0 to 100 percent 
of the subscribers choosing the same program. Also a short on any 
subscriber line causes only a l/2 dB reduction in bus signal level — 
other subscribers are not affected. 

Note that the signal level decreases 24 dB between the first and last 
banks of switches, and that a subscriber must therefore be assigned to a 
switch bank on the basis of his cable length from the exchange. It is 
apparent that careful planning and balancing of the cable network is re- 
quired for each particular area served. Also, if an exchange were to 
serve say just one large apartment building (which could have 336 TV 
sets), there would not be a 24-dB variation in cable loss between the 
nearest and farthest subscribers, and attenuators would be required in 
many of the subscriber lines. 

The busses and selector cards of the present exchange are designed 
for a maximum of 36 channels. Rediffusion states that 72- or 108-channel 
systems are easily obtained, but it is not easy to see how they would do 
this except by paralleling exchanges, each with 36 different channels, and 
assigning a selector in each exchange to each subscriber. Present 336 
by 36 exchange equipment costs (sec Section IV) work out at $75 per 
subscriber, or roughlv $2.00 per channel per subscriber. Assuming 
parallel exchanges, 72- and ] 08-channel systems would have exchange 
costs of about $150 and $225 per subscriber, respectively. 







B-10 



i 

Hi' 



'O' 



© v 


3 


IM 


i 

(O 


Hybrid 

Splitter 


s 

f 


v 






© 



vHi 1 



© 



1 

I • j 

f 



>£ 



I| 



li 






fa 







O 

ERIC 



S 2 



Fig. 2 Signal Distributions in 336 Subscriber Exchange { Typical of each of 26 Channels ) 
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C. Operational Features 

Each subscriber is provided with a combination HF/VHF inverter *nd 
control unit the size and shape of a 500-scries dial telephone without the 
handset* This unit is connected to both the incoming Qwist cable and to the 
antenna terminals of the TV set, and is usually installed with wires long 
enough that it can be conveniently carried around the xoom for armchair 
program selection. 

The dial us?s one of the two control wires to operate the subscriber** 
selector switch in the exchange cn an incremental basis; that is, each dial 
pulse advances the ratchet one position. A subscriber can thus quickly 
step through all the channels by dialing successive M l 1 *'*. For dialing a 
desired line directly, the subscriber first pushes a reset button which 
uses the second control wire to operate a homing solenoid that returns the 
selector to channel 0, where a channel directory card is shown (by means 
of a camera at the exchange). He then dials the desired number. Because of 
the incremental nature of the dial system, channel 10 is reached by dialing 
0, 11 by 01, 33 by 0003, etc. It is also possible with a little mental arith- 
metic to dial only the difference between the present and any greater chan- 
nel number without going through the reset cycle, i.e., dialing 7 will advance 
the selector from channel 6 to channel 03(13). Note however that there is 
no indication of what channel number is currently selected. 

The present dialing at Dennis Port is rather convenient since there 
are only 14 channels in use — one program directory, 12 Cape Cod cable- 
vision, and one local origination. This latter is a static camera in a 
delicatessen which shows their special-of-the-day , primarily to demon- 
strate the two-way capability of the system. With these few channels, only 
two digits are required in direct dialing, but even so, many subscribers 
apparently prefer to step through one at a time. Dialing would be less 
convenient for a full 36-channel system, since it takes about 10 seconds to 
push the reset button and dial 0005, or 30 seconds to step through 36 chan- 
nels one at a time. It would seem that Rediffusion may eventually want to 
go to a digit-decoding dial system, particularly if channel capacity is in- 
creased to 72 or 108 channels. 

I was also shown the channel lock-out feature, which is accomplished 
quite simply by clipping small magnetic shields over the selector reeds 
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which are to be disabled for a particular subscriber. Alternately, the 
reeds cau be removed (or not installed). This could be used, for ex- 
ample, to permit access to a medical news channel only by doctors, or 
to set up easily changed private, two-way TV networks for the police, 
and so forth, 

D. Two-Way Capabilities and Potentialities 

As previously mentioned, the frequency band between 9.2 and 15.2 
\AHz on any subscriber cable can be used for simultaneous upstream TV 
transmission; what Rediffusion calls *’ program injection 1 *. To use this 
capability, hybrids and filters must be inserted in the cable at both the 
subsc liber and exchange ends to prevent signal interactions. A camera 
and modulator may then be plugged in at the subscriber end, and its signal 
picked olf at the exchange end. One use which was demonstrated is to 
demodulate the received signal, remodulate it at the distribution frequency 
and put it on an unused bus for viewing throughout the network. Thus local 
origination from any point in the network is quite convenient. An intei eat- 
ing maintenance and troubleshooting aid results from this capability — a 
portable camera car be pointed at a subscriber^ receiver, and the receiver 
pictures monitored at the exchange as the selector is stepped through 
manually/'' 

No provisions exist at the moment for connection of an injected signal 
to any other subscriber except through a distribution bus of the exchange. 
Also, the necessary hybrids, filters and modulators are installed on only 
two lines for demonstration purposes. Although the transmission capability 
for private two-way TV links could be obtained by fitting all lines, the 
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It should be noted at this point that a si mi’, nr subscriber injection capability 
can exi9t in any VHF t^oe-structured system fiiar is equipped for upstream 
channels . One important difference is that in a VHF cable, there are a 
limited number ot upstream channels shared among all subscribers (four 
per cable if only sub-band is used, perhaps 30 if a separate upstream cable 
is used). Also, it would be difficult to prevent clandestine monitoring of 
upstream transmissions in a tree -structured system since the cable would 
be readily accessible to all subscribers between the injection point and the 
head '*nd. Note that there is an additive noise problem in transmitting up- 
stream ;r. tree-structured systems, but it is assumed that this will be 
- • r er • ome « 
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•witching capability for subscriber-to-sub.criber connections on a general 
basis docs r.ot exist and Us implementation with the present types of switch 

cards would require expansion and a completely different organisation of 
the exchange. 

Rediffusion also stresses the availability of one or both wire-pairs 
for other two-way uses such as meter reading, voice links, subscriber 
response to programs, and so forth. One possibility which they mentioned 
is to shift the present d-c control functions to the signal pair, leaving the 
1 -MHs control pair completely free for other uses. Here again, additional 
switching would have to bo added to the exchange to make use of these lines 
in any way. The interesting question to be answered is the relative diffi- 
culty and cost of adding such capability, as opposed to obtaining similar 

capability in a tree network (VHF cable) by time-division multiplex tech- 
niques. 

IV. COST DATA 

Rediffusion has published a schedule of Provisional Prices, dated 
September 15, 1970, which gives detailed costs for items of head-end 
equipment, the equipment items needed in a remote excba-sge, the per- 
foot cost of cables for trunks, feeders, and drops, and the cost of each 
subscriber control unit. From this it is apparent that head-end equipment 
(except for antennas and low-noise preamps) works out at about $1000 per 
channel, roughly comparable to that of VHF head -end equipment. 

What is of more importance in any comparison with VHF systems is 
toe per-subscriber cost of a sub-unit of the distribution system: a local 
exchange serving 336 TV sets, its trunk connection, anti the distribution 
cabling, junction boxes, and control units. The R. diffusion literature has 
example equipment costing for 12-channel systems, but it was of more 
interest to examine a 36-channel system. 

A. Exchange Equipment 

The following lists equipment needed for a 336 x 36 exchange (note 

that the prices shown do not include U. S. customs duty, which might add 
6-12 percent); 
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Switchframo and Busbars 
TV Repeaters 


36 


at 


$105.50 


$ 2,000 
3.798 


Power Supplies 


6 


at 


60.00 


360 


Sound Amplifiers 


36 


at 


44.50 


1.602 


Power Supplies 


4 


at 


60.00 


240 


Hybrids 


6 


at 


123.00 


738 


Control Panels 


84 


at 


20.00 


1,680 


Double Selectors 


168 


at 


89.00 


14.952 


Total Exchange Cost'' 








$25,370 



The per -subscriber cost of the exchange itself is thus $25,370* 336 = $ 75 , 
without provisions for housing it and controlling its environment. If mounted 
outdoors (probable in suburban areas), a weatherproof kiosk would be used 
(estimate $1000), and 100-200 square feet of land would have to be purchased 
or leased. If mounted indoors (which it might be in urban apartment areas), 
space would probably be available without cost as it is for telephone company 
equipment on a user's premises. The exchange requires one kilowatt of 
electrical power (about $300 per year). 



B. Cabling 

For purposes of estimating cable costs, it is necessary to consider 
the type of area served and a typical cable layout. It is also necessary to 
remember that subscribers with multiple TV sets which they wish to use 
independently will have tv have a separate selector and cable for each set, 
i.e. , they will have to be multiple subscribers. Rediffusion has estimated 
that 40 percent of the subscribers will be multiple users, thus it is assumed 

that a 336-channel exchange can serve 240 households, 96 of which have two 
TV sets. 



Figure 3 diagrams a typical block and street layout for a medium- 
density. single-dwelling area. It is assumed that lots are 50 by 100 feet, 
20 to the block. Each exchange can thus serve an area 2x6 blocks (240 
houselots) with an allowance for 96 multiple TV sots. The average length 
of the 56 6-Qwist feeders is 



Later Rcdiffusion data differs 
cost (sec page B-21). 



in docall, but yields the same total exchange 
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AwunytloM a =125' 
b* 1650’ 

Avoroge longfh of 6-QwUf = a + ^ 



Fig. 3 Pos»ible Exchange Layout in Medlum-Den*ity 
Single Owelling Area 
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* ♦ | = 125 ♦ a 125 + 825 



950' 



and tctal 6 -Ovist cable required is 56x950' » 53,200' 

“ “ ,l '* , hou.edrop. u,||| averag. 100 foot, 

Jvrnc.l 

box ($15) is required to connect a 6-Qwist to six house drops 

ri „ , The , «*M« t»d Junction bo. c,. f„ , h „ Uyou , o( 
lb. would thu. bo ian.umtng ohioldod .able lot ..,1.1 



6-Qwist • 53,200* at $ 0. 172/foot 

l-Qwist - 33,600' at $ 0.077/foot 

Junction Boxes - 56 at $15 

Total distribution cable cost 



$ 9, 150 
2,587 
840 
$12,577 



Tki. probably represent, do.. . nmxlmun, .... (o, dia.dbuHo, 

o 1 L'a, h” 8 '; ^ C '“ 8 ' ! ‘ m0r ° P1-«- «... 

or two fami ly having) would r.quiro 1... 6-O.via, c.U, bo..u„ ,h.y wou 

z::;:z r r :; h ‘ ubu " , “ “ i,h ■"«» •«— . *. ...«« 

' 1 ’ f ” C °““ ° U ' “ V " ‘ '*'••• ■«*. More .i„ s lo. 

18 »>i8h, b. .oodod in tho l.ttvr ..... how 

W. mus , figure m 0( C , M . (|| , 

mh.ai. ai par. o< ,he .ub-uni, ..... th . layou , 0( >. ‘ 

S ’ ,T/ ,TT T*" 8 '' “ 50 ” ' 0 "'- U,tae the trunk .... « 

Sir. JOu/mll. developed l„ S..,, 0 „ 1U.A. .»d an ..,l m .,„d l.rminal-io. 

’ ,Vr,f" 700 , '“ nk P*' dkdlt.nge would b. 

. M- Not. .ha, .Iter. I. a premium, a. it.difiu.lon poinl. out, on kuopin, 
rank d..,a»... .hor. bo.au.e of r.iaiiv.ly high of „J. 

$*« • S a* par foot for 36 channels,* 



Ihese i inures valid as of May, 1971 
page a-21. yt v 



l*or more roeem estimates 



88 

o 

ERIC 



B-lt 



The above figure* pertain to cable purchase costs only. Good 
co.t figures for the installation of Rediffusion cables have been difficult 
to arrive at. In one Rediffuslon paper * a labor cost of $1.60 per foot 
for trunk and feeder installation is given, without making it clear 
whether this applies to route -footage or to the total footage of individual 
cables, which is about ten times greater than the route footage. *n,us in 
the original vision of this memorandum, the geometric mean of these 
two interpretations was tentatively assumed for want of a better figure. 
This resulted in a labor-cost estimate of $70,000. which was felt to be 
high, but was somewhat supported by the indication in Mr. Garginl's 
paper that 2/3 of total remote selection costs are in labor and overhead 
for trunk and feeder Installation. 

Subsequently, the installation cost question was discussed with 
Mr. H. F. Goodwin of Rediffusion by telephone on February 1?. He 
said that he also did not understand the basis for the $1.60/foot figure, 
Mr. Gargini's paper, and kindly offered to prepare an approximate 
labor cost estimate for a specific layout. The exchange layout of Fig. 3 
was described to him. and he called ba.k a day later with an estimate of 
$30,000 for installation labor costs. He also furnished figures for cable 

and equipment purchase costs which agreed to within a few dollars with 
those derived above. 



WNoie aaaou January 5, 






. of tma repo 

the $30, 000 estimate for cable installation labor was reduced to $15, 500 

by Mr. R.W. Lawoon in a letter dated August 24, 1971. For a 336- 
subscriber exchange, this factor alone lops off $43 per subscriber, more 

than half the net reduction in the latest Rediffuslon per-subscriber cost 
derived on page 13-22.) 



''Dial -a -Program Communication Television," E. J. Gar"cini uaner 
Figure"^ * Television Society, February 12, 1970, 
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C. Per -Subsc riber Distribution Costs (May 26. 1 <> 71 )» 

From the figures which have boon established, we now can turn op 
the total cost of installing a 36-channel Rediffusion exchange for 336 sub- 
sc fibers under the assumptions inherent in Fig. 3, « nd establish the 
per-suhscriber cost: 

Cable and enuinme nt purchase (catalog prices) 

Exchange equipment $25,370 

Qwist cables and junction boxes 12,577 

Trunk cable (36 coax plus 36 audio pair*,' 1,764 
Subscriber control units (336 at $34) 



11.424 



Installation labor (R e diffusion Rstimftj p| 

Land an d kiosk (M.I.T. estimate! 

Total distribution cost per 
336 subscribers 



$51,135 

30,000 

5.000 

$86, 135 



The per-subscriber installation cost for the Rediffusion switched dis- 
tribution system is thus £256^ Note that this does not include any share of 
head- end equipment costs (which should be pro-rated over all subscribers 
in all exchanges served by it), or any special installation costs such as 
make -ready charges on poles, etc. These omitted costs depend on total 

system siae and local conditions, and tend to bo about the same for any 
type of system. 

As discussed in Section HI- 13. the program busses and rotary selectoi 
switches of the present exchange are designed for a maximum of 36 channel 
Although some economies might be possible in a redesign for more channel* 
the incremental cost of doubling or tripling the number of channels can bo 
fatrly accurately estimated on the basis of adding an exchange and trunk for 
each 36 channels, with distribution cables and subscriber control units re- 
maining the same. (One easy way to expand the ontrol function w thout 
altering the present control unit would be to have the reset button cycle the 
subscriber's line through the channel 0's of the exchanges available to him. 

e could then read the channel listings for each exchange and dial the 
desired program in that exchange, or shift exchanges by pushing the reset 



For later estimates by Rediffusion. Ltd., see page 13-22. 
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button again, etc. ) On the above assumption, the total distribution costs 
for 72- and 108-channel systems might bet* 





72 Channels 


108 Channe 


Exchange equipment 


$50,740 


$76,110 


Qwist cable and junction boxes 


12,577 


12,577 


Trunk cable 


3,528 


4.292 


Subscriber control units 


11,424 


11,424 


Installation labor (estimate) 


35,000 


40,000 


Land and kiosk (estimate) 


7.500 


10,000 


Total for 336 subscribers 


$120,769 


$144,403 


Per-subscriber cost 


$360 


$430 



* 1 1 — — 

These figures as of May, J 97 1 . For later estimates by Rediffusion 
see page B-23. 
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V. ADDENDUM (December 27. 1971) 

As stated on page B-l, revised cost data was provided to the 
author from two different Rediffusion sources during August, 1971, which 
resulted in a new per-subscriber cost figure of $186. Listed below are 
changes affecting particular pages of the original memorandum (new cost 
figures underlined}* 

p ag e B-6 (Revised Qwist and trunk cable costs) 



Six -way 


unscreened 


$87.00 


per 


1000 feet 


Six-way 


screened 


$117.00 


it 


ii it 


One-way 


unscreened 


$21.00 


n 


it n 


One-way 


screened 


$42.00 


ii 


it n 


There is thus a cost advantage in junning as much as possible 



of the distribution in the six-way cable» since the per-subscriber cost is 
then S15.00 and $£0 per 1000 feet for unscreened and screened cable 

respectively. “ 

(Mr. Gabriel also noted in his August 10 letter that by cable 
selection and use of small exchange^amplifiers ($18 per line), a maximum 
subscriber distance of at least 2*0 0 fV*t can now be achieved, rather than 
the former 1800-foot limitation.) 

In regard to trunk cable, Mr. Gabriel now projects a coaxial 
cable cost of 2. 5 cents per foot rather than the 6 cents formerly quoted. 
This reduces trunk cost (36 coaxial cables, 36 audio pairs) to about 
$6500 per mile instead of $13,306. 
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Page B»14 (Revised exchange costa) 

Switch/rame and busbars 
Selector power unit 



TV repeaters 


™ at $122.00 


Power supplies 


6 at 


72.00 


Hybrids - sets of 4 at $33, 12 


36 at 


33.12 


Control panels 


168 at 


9.36 


Double selectors 


168 at 


72.00 


Total Exchange Cost without » 


Sound amplifiers 


36 at 


55.00 


Power supplies 


3 at 


72.00 



Total Exchange Cost with audio 



$ 3,390 (not $ 2,000) 
158 

4,392 (not $ 3,798) 
432 (not $ 360) 

1.192 (not $ 738) 

1.572 (not $ 1,680) 
12,096 (not $14,952) 

$23,232 

1 . 980 (not $ 1 , 602) 

_ (not $ 240) 

$ 2, 196 

$11^428 (not $25,370) 



B - ] A Revised distribution cable costs for Figure 3) 



6-Qwist 
1 -Qwist 
Junction boxes 



53,200 feet at $ 0. m/foot 
33,600 feet at $ 0.042/foot 
56 at 5 -00 each 



Total distribution cable coat 



$6,210 (not $ 9, 150) 
1.412 (not 2,587) 
230 (not 840) 

902 (not $12,577) 
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Page B-I8 (Revised per-subscriber distribution costs) 
Cable and equipment purchase 



Exchange equipment 


$23,232 


(not $25, 370) 




Qwist cables and junction boxes 


7,902 


(not 12,577) 




Trunk cable (700 feet) 


664 


(not 1,764) 




Subscriber control units 


10,416 


(not 11,424) 


/ 






$42,414 




Installation labor {Rediffusion now 
estimates SI 5,500 instead of $30,000) 


15,500 




Land and kiosk 




5.500 




Total distribution cost per 
336 subscribers 




$62,914 





This is equivalent to a per-subscriber cost of $ 1 8 6 » compared 
to the $256 derived previously. 



Pages B-18 and B-19 (Revised estimate of expanded system costs) 

Reduiusion has now stated that they would parallel exchanges 
as follows: 

" Our proposals for increasing the program capacity of the 
exchange involve the use of a number of exchanges with a 
selector. For example, for 72 channels we would have two 
complete 36 program exchanges preceded by a change-over 
switch which would respond to the first digit dialed. For 108 
or more channels we would have a multi-channel selector us- 
ing reed switches working on the same principles as the exist- 
ing selectors and serving to select whichever 36 program 
exchange was carrying the desired program. We have so far 
made no attempt to work out the design in detail and I have 
made a wild guess at the costs. The extra installation re- 
quired for 72 or 108 channels is mainly the addition of J6 
channels on the trunk routes, i.e. , the pulling in of a r.iulti- 
coaxial cable into existing ducts. There will also be some 
additional labour in the installation of the exchange equipment 
but we intend that this equipment should be delivered in com- 
plete packages requiring the minimum of installation and I feel, 
therefore, that the additional installation labor per 36 channels 
is about $2000, rather than $5000. With these amendments 
the figures appear as follows: 
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36 Channels 72 Channels 108 Channels 



Exchange pre-selector 
Exchange equipment 
Qwist cable and junction boxes 
Trunk cable 

Subscriber control units 
Installation labour (estimate) 
Land and kiosk (estimate) 



$23,232 

7,902 



10,416 

15,500 

5,000 



864 



$ 3,360 
46,464 

7,902 
1.728 

10,416 

17,500 

7,500 



$ 5,000 
69,696 

7,902 
2.592 

10,416 

19,500 

10,000 



Total for 336 subscribers $62 ,914 



$94 , 870 $125,106 



Per subscriber cost 



$187 

(not $256) 



$283 $374 

(not $360) (not $430) 



In the conclusion to his letter, Mr. Gabriel states: "I feel I should 
point out that the per subscriber c-jsts which have been derived above 
are under the most favourable circumstances of 100 percent penetration 
and all exchanges fully loaded. One might hope to get fairly near this 
condition in a planned community. In the more usual situation there 
is bound to be some redundancy either of pairs in the cables or of unused 
exchange positions. Without more practical experience with the system 
I could not make any estimate of the extent of this." 




APPENDIX C 



The AMECO DISCADE 
Switched TV Distribution System 



This appendix consists of a revised 
version of a previously distributed memoran- 
dum. The revisions include corrections sug- 
gested by AMECO following its review of the 
original memorandum. 
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MEMORANDUM SLQAN-2A 

The AMECO DISCADS 
Switched TV Distribution System 

John E. Ward 
March 24 , 1971 

( Revised May 18, 1971) 

I. INTRODUCTION 

Ameco, Inc., Phoenix, Arizona, is making installations of a 
switched, sub-channel TV distribution system of its own design in Dsly Cit> , 
California, and at Disneyworld, Florida. Although the basic principle of %his 
system is quite similar to that of the Rediffusion "Dial-a-Progrom" systes 
which was analyzed in Memorandum Sloan-1, there are significant differences 
in system implementation which affect both the installation requirements in d 
the per-subscriber costs. It was therefore felt that a comparable analyris 
should be made of the DISCADE system in order to have the best possible basis 
for comparison of switched versus non-switched systems. 

Preliminary informat ion on the technical features of the DISCAUT^ 
system (Discrete Cable Area Distribution Equipment) was provided by sn 
informal writeup (dated Feb. 1, 1971) obtained from Ameco in mid-February. 

In order to clarify a number of details which were not evident in the writeup, 
and to obtain cost data, I visited Ameco on March 3, 1971, where I met with 
Mr. Bruce Merrill, President, and Mr. Earl Hickman, Chief Engineer. They 
were most cooperative in answering all my questions and in discussing and/or 
demonstrating all the hardware used in their system. The revisions .0 the 
original memorandum are based on comments received from Mr. Merrill in a 
letter dated April 29, 1971, and primarily concern minor correction;, to 
frequency capabilities, channel assignments, and cost estimates for sub- 
trunks and drops. 
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IX. TECHNICAL FEATURES 

The DISCAEE system has been developed as a means of providing 
20-1*0 usable channels while avoidings (a) the on-channel interference 
problems of VKF-distribution, and (b) the harmonic, oscillator-beat, and 
isage problems that can arise in the use of mid- and super-band channels. 
It was obviously influenced by the earlier Rediffusion system, but also 
nae its roots in previous Aaeco experience in sub-channel transmission 
techniques to avoid ambient signal interference in links between CATV 
antenna sites and their associated head-ends. D1SCADE represents an 
alternate engineering solution to the design of a switched distribution 
system which appears to hove a number of advantages over the Rodiffusion 
system. On the other hand, it has the same primary disadvantoge--that a 
household with multiple TV cetB to bo used independently must be a multiple 
subscriber. DXSCADE utilizes coaxial cables throughout. 

A. Trunks 

Trucks in the present design are made up of eleven sets of cables 
and amplifiers designed for 5-50 MHz transmission, of which ten carry 2-1* 

TV channels each, and one carries the 5tt band, block-converted to 20-1*0 MHz 
from its normal 83-108 MHz region in the spectrum. Because frequencies no 
higher than 50 MHz appear on a trunk cable, smaller cable may be used than 
in usual practice, and amplifiers may be more widely spaced. For example, 
with .1*12" cable, amplifier spacing is 4,000 feet and trunk lengths up to 
25 miles are feasible. These figures double if .750" cable is used, i.e., 
50-mile trunks are feasible. Trunk amplifier assemblies are 10" x 7" x 22" 
in size, and the 11 amplifiers are modular, plug-in assemblies, designed 
so that ar.y cable may be changed to upstream transmission by simply invert- 
lag its amplifiers when plugging them in* 

ror a 20-channel system, Aaeco has used two channels per cable, 
choosing ones that are non-adjacent and not harmonically related, but both 
of these conditions can not be met in a 40-channel system* For example, at 
l£ly City the two initial channels (22.*28 MHz and 3**-40 MHz) are neither 
adjacent nor harmonically related* If there is a requirement in the future 
to expand this particular system to 40 channels, Ameco has already verified 
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tihiat it is possible to add $-11 MHt (note that use of frequencies between 
11 and 22 MHe could create hamonic problems) and 28- MHs (adjacent to 
both the original channels). St'uh additions require no changes to the cable 
distribution system— only expanded head-end and subscriber selector equipment. 
Tor a new system with 40channol capability initially, Amcoo feels that they 
might use 24-48 Mils. These channels would all bo adjacent, but not harsoni- 
colly related. Another growth possibility mentioned is to keep two c tunnels 
per cable but install more trank and sub-trunk cables and larger switches; 
but this would increase costs linearly with added channels. 

Amoco gives on approximate installed east for U-cable trunk of 
$11,000 per oilo, of which about 3$ porce is labor. 

B. Sub-Tranks 

Sub-tranks are connected to the trank by sets of bridger amplifiers, 
each of which win drive the corresponding eableo in four sub-trunks. An 
unusual feature of DISCADE lo that the sub-trank cables carry different signals 
than the trunk cobles. As shown in Pig. 1, one of the functions of the bridger 
amplifier assembly is to block- convert the 20-40 MHs fM radio signals on the 
I'M trunk buble to their correct frequency band (88-108 Mite) and add than to 
each of the ten sub-trunk cabloo. The sub-trunk cables thus carry both TV 
and Hi signals, and all parts of the sub-trunk and subscriber distribution 
syotems are designed for 5*120 miz. Sub-trunks typically use .240" cable 
and are not amplified, but may be divided by moans of passive splitters. 

Amcco gives on approximate coot figure for installed sub-trunk of $7,500 per 
mile, including the Area Distribution Centers (without switch modules) 
described in Section C below.* 

C. Subscriber Switching 

The main component of the DISCADE system is the Area Distribution 
Center (ADC) which is a cable-mounted switching unit, presently designed in 
uizes for 8, 16, or 24 subocr ibero . Ao many as ten ADC's may be spliced into 
each sub-trank either at initial installation or later, as needed to moot 
subscriber hook-up requirements. Standard CATV-typo drop cable is used to 
connect a subscriber to an ADC, and drape may be up to 2,000* in length. 

*This estimate is for "reasonable density" and would w\y Gomovliat depe nding 
on circumstances. 
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The physical configuration of a cable -mounted, 21-subscriber ADC 
is shown in Fig. 2. The switch modules are of solid-state deeigu, and 
connect a subscriber drop to any one of the ten sub-trunk cables as con- 
trolled by direot-ourrent pulses from the subscriber selector unit fed back 
to tho ADC on the subscriber drop. An incremental fora of control is used, 
with the switch advancing one position for each pulse (actually every other 
pulse, see discussion below). When cable number 10 is reaohed, the next 
pulse starts the sequence again at liable number 1, etc. The rajor cost item 
of the entire DXSCADB system is the switch module which costs $60.00 per 
subscriber drop, but need only be installed as subscribers ore actually 
oonneoted. 



Note that since the JM radio band is on all sub-trunk cables, it 
will appear on the subscriber drop no matter what position the switch is 
in, and will be unaffected by channel selection. 

D. Subscriber Selector 

The subscriber selector unit, which costs $15.00, is slightly 
smaller than a desk telephone, and has a click-stop rotary channel selector 
knob on top which sends a pulse to the ADC for each "click". A film strip 
coupled to the knob provides a very legible display of the selected cha nne l 
number in large (3/1") illuminated numerals projected in a window on the 
front of the unit (this is a plus over the Rediffusion telephone-dial 
selection system, which provides no indication of what channel is currently 
being viewed). Because of the incremental-type switch control, the knob has 
a mechanical ratchet so that it can only be turned in the direction of 
increasing channel numbers, and there is no reset function like that in the 
Redlffuslon system, except an automatic one on the transition from Cha nn el 20 
to Channel 1 which provides knob and switch rosynchronization in case they 
should ever get out of step. Tauo to go back one channel, the selector knob 
has to be turned several complete revolutions to cycle through all. 20 (or 10) 
channels— a minor inconvenience. 
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TWO TOP CONNECTORS ROWS 
ARE POWER SUPPLY LINES 




Notes : 

1* Size of 24-subscilber ADC = 7 1/4" x 13 3/4" x 32" 

2. Weight of 24-subscriber ADC = 90 lb. 

3. Sub-trunk loss per ADC « 0.5 dB 

4. ADC provides power for subscriber selectors 

5. ADC designed for coble mounting 

6. Cost * $ 192/ADC housing plus /60/switch module 

ond /15/subscriber selector 

7 ‘ c L Qrr!e * 2 "' TV chonnels plus FM radio 

(20-40 TV channels total) 



Fig. 2 AMECO “DiSCADE* Area Distribution Center (ADC) 
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The selector unit also contains two (or four) conversion oscilla- 
Ws, and as the selector knob is advanced, these are turned os alternately 
to convert one of the two (or four) channels available on the drop cable at 
each ADC switch setting to the clear VHP channel chosen for the TV Receiver 
input. This combination of frequency and space switching sounds somewhat 
conplicated, but is completely hidden from the user-all he sees is one 
dial Jabded from 1*20 or 1-40, and the proper coordination of the cable 

switching and frequency selection takes place automatically as the selector 
knob is advanced. 

As previously mentioned, the selector sends a pulse to the ADC 
for each knob "dick", but the ADC switches cables only every second (or 
fourth) pulse. The reason for having a pulse sent to the ADC for each knob 
"dick" is so that a channd-monitoring system could be implemented in the 
ADC if desired. Note however that since the selector unit is cable-powered, 
it works whether or not the TV not is on, and some means of dso monitoring' 
TV set power wodd be required for meaningful monitoring of channd viewing. 

HI. DISCADS INSTALLATIONS 

Two different riSCADE installations are currently in progress, one 
using an interesting variation in the basic technique described above. 

A* Daly City, frilifomla 

Vista Grande Cablevision is installing a 20- channel DISCADE system 
exactly as described above in Daly City, with a potential system size of 
16,000 subscribers. The main impetus for choice of this system by the 
operator was a firm requirement for 20 channels, plus an unusually severe 
local-signal problem-seven of the 12 standard VHP channels would be subject 
to ghosting fran direct pickup. A field trial during 1970 with prototype 
hardware was entirely successful, but led to some equipment redesign to 
reduce cost.. Installation of final hardware is now underway, and equipment 
sufficient for about 500 subscribers has been shipped to date. 
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B. Disneyworld, Florida 

The Dicneyworld installation will involve about 2,000 TV receivers 
and will be a 10-channel system with only one channel per cable. In this 
case, the set manufacturer (RCA) is incorporating a simplified Ameco selector 
unit designed to fit into the sets in place of the normal VHF-UHF tuner, 
and no frequency conversion is necessary in the selector because the signal 
on each sub-trunk cable is at the 45.75 MHz IP frequency of the receiver. 

The stondai’d RCA motor tuning feature is retained, with its remote control 
unit. 



IV. TWO-WAY CONSIDERATIONS 

The DISCAPE system as presently Implemented does not incorporate 
any two-way features. It is not known what plans Ameco has for two-way 
use, but there are a number of possibilities. 

As previously mentioned, one or more truzik cables can be converted 
to upstream transmission toward the head-end by simply reversing their line 
amplifier modules, providing 2-4 upstream channels pe~* cable. If reverse 
bridger modules were developed to permit upstream transmission on one or 
more sub-trunk cables to feed into these upstream trunk cables, and any 
passive splitters were suitably modified, then these channels would he 
available at all switching units (ADC*s). 

At this point, the way to proceed isn’t as clear, hut one would 
have several options for video origination* One option would he to 6imply 
make cne or more switch positions be for upstream use only, essentially 
reversing the subscribers drop and permitting him to insert a video signal 
cn one of the channels for transmission to the head-end. However, he then 
wouldn’t be able to see anything at the same time. A second, and perhaps 
more attractive possibility would be to install a second, upstream-only 
drop for each subscriber that is not switched, but added to an upstream 
sub-trunk cable at the ADC along with all other upstream drops. This would 
permit simultaneous video origination plus viewing of any downstream channel 
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for as many subscribers as there are upstream channels. A third possibility 
which would require new types of amplifiers and perhaps switches would be to' 
use frequency splitting techniques to permit bi-directional transmission on 
one or more cables. There are perhaps other possibilities. Either the 
second or the third schemes could permit one or two "videophone" conversa- 
tions between any two points in the system, but these would be non-private. 

Downstream and upstream digital transmission channels for a 
variety of uses (monitoring, meter reading, data, cnannel control, etc.) 
can also be established by various techniques such as the above, in this 
case the presence of the switch is somewhat of a hindrance because the 
polling equipment at the head-end would not know what cable to address a 
particular subscriber on unless it continuously monitored his switch. One 
possibility to avoid this complication would be to handle the downstream 
digital channel the same way as the M band is handled at present, perhaps 
adding it to the JM trunk cable in the 16-20 MHz band so that it would 
always appear on all subscriber drops. Another would be to provide a 
separate, tree-structured bi-directional digital data cable which runs 
throughout the system. Here again, the above do not exhaust the possiblli 
ties, and Ameco'o particular plans are not known. 

In summary, DISCADE can be augmented to provide the same two-way 
capabilities aa th- non-switched systems at about the same incremental cost 
but direct provisions for such augmentation are not readily apparent in the’ 
present hardware, except for the reversible line amplifiers and the switch- 
control design for eventual channel monitoring capability. 

V. COST DATA 

For purposes of relative cost comparison, the DISCADE system has 
been costed out for the same 12 -block, 240-houselot unit area used ln the 
analysis of the Hediffuslon system in Memorandum Sloan- 1 . A possible 
DISCADE layout to provide 100-percent service to this area, with an allow- 
ance for 40-porcent multiple subscribers, is shown in Pig . 3 . Aa sh0vn 
it is assumed that one trunk bridging amplifier would drive four sut-tnlnka 
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. , 100 + 300 _ 

Average Drop Length = j ~ 

12 x 20 c 240 Houselots 

14 x 24 =• 336 Subscriber Capability (240 + 40 /o) 



Fig. 3 Possible AMECO "DISCADE" Layout in same Unit Area used 
for Rediffusion Analysis 











1 

il 



C-12 

each with either three or four Area Distribution Centers. The 40-percent 
multiple-set allowance would require 28 drops per block, thus the ADC’s must 
be spaced not quite coe block apart, and 14 are required in to provide 
336 total drop capability, the same as the Rediffusion exchange. Subscriber 
drops would range from 100 to 300 feet, or 200 feet average, and are figured 
at an inst a lled cost of $.05 per foot {Ameco estimate). Trunk and sub-tr unk 
installed costs are figured at the Ameco per/mile estimates given earlier. 
The distribution costs per unit area (as defined above) are thus; 



Trunk - 500* 
Sub-trunk - 6,000* 
Drops - 67,200* 


@ $11, 000/mile 
@ 7,500/nile 

@ .05/fOOt m 


$1,050 

8,520 

3,360 






Total Cable Costs ■> 




$12,930 


Switch Modules 
Subscriber Selectors 


- 336 @ $60 

- 336 @ 15 


O O 

33 

8* 






Total Equipment * 




25,200 


Total Distribution Cost *■ 
per 336 TV sets (not 
including head-end) 




$33,130 



This works out at $113.50 per subscriber for a 20-channel system, 
and would be little (if any) different for a 40-channel system, since only 
a minor change in the subscriber selector unit would be required. 
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appendix d 

METER READING VIA TELCO OR POWER LINES 

Ultility companies have recently become interested in automating 
the process of reading utility meters. Two alternate systems under 
development have been investigated in an effort to determine what role 
the CATV cable could play in providing these or similar services. 

The first system is being developed by Shintron Co. to read 
electric meters using the power lines as the communications medium. 
The information is coded as a several millivolt signal carried directly 
on the power line. Since bit rates are very low (they are transmitting 
0.05 bits per second) the small signals can be recovered from the much 
larger power signals by appropriate processing techniques. They use 
a single transmitter at the power station to service 2, 000 installations, 
and control 25 transmitter units with a small computer which tabulates 
return data. The equipment required in the home can be largely fab- 
ricated in MOS integrated circuit form, and should fit inside an electric 
meter. Projected costs for the unit at the home are in the $20 to $30 
range. 

The second system is being developed by Bell Laboratories at 
Holmdel, New Jersey in co-operation with a number of manufacturer 
who have developed encoders for transmitting meter readings via the 
switched telephone network. A simple alerting circuit answers the 
meter reading request without ringing the customer’s telephone. The 
coded readings are then converted into tone signals and ron»«d through 
a telephone company central office to a data center serving one or more 
utility companies. Thi* uone using a meter reading access circuit" 



* The information presented here was obtained from Mr. Larry Baxter 
of Shintron Co. , Cambridge, Mass. ; details ol the system other than 
those giver, above are considered proprietary. 

** R.E. Cor dwell, P.J. McCarthy, 'Communications Facilities for 
Automatic Meter Reading”, a paper presented to the Power Dis- 
tribution Conference, Austin Texas, October 20, 1970 
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in the telephone company office. The total time required to read the 
meter(s) in a customer's home is roughly 10 seconds. Thus 300 * 

400 customers can be polled per hour. 

The two systems presented are not designed to be expanded to 
provide any type of general-purpose digital communication service to 
the customer beyond the simple reading of utility meters, but are no 
less or no more costly than performing just this same function over 
a CATV cable. However, the meter reading task can be easily and 
cheaply integrated into an existing digital communications service, 
since the incremental cost of reading meters would probably bo 
smaller than that for implementing a parallel system for reading meters. 
Note, however, that the inclusion of meter reading via the cable plant 
would require some sort of standardization of digital cable systems 
either at the meter interface or of the digital system itself. Note also 
that there would probably be little interest in reading meters via a 
CATV cable unless cable penetration (including two-way data capabili- 
ties) was virtually 100 percent in a given area. For some time to come, 
the power and Telco lines will reach more meter locations. 




